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These Lectures were delivered as a special course to 
practitioners and students at the Owens College in the 
spring of the present year, 1885. They do not pretend 
to be in any sense systematic. They are the fruit of 
some desultory laboratory work, and of reflections relat- 
ing to the subjects of dietetics, digestion, and dyspepsia. 

The second, third, and fourth Lectures (which in 
actual delivery were compressed into two) contain a 
record of a series of experimental inquiries into the 
effects of our food-accessories on the chemical acts of 
digestion. These are only loosely connected with the 
subjects dealt with in the flrst and flfth Lectures : indeed, 
the connection is more in the continuity of study than 
in the relation of the subjects discussed. 



Notwithstanding their disconnected character, I trust 
these Lectures will not be imacceptable to the medical pro- 
fession. They treat of subjects which are perhaps some- 
what neglected in these days, and in regard to which 
there ia a conspicuous want of accurate information. 
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Gentleiien,— 

Defects and derangements of digestion are among 
the moat common of limnan ailments. They not only com- 
pUeiite almost every variety of disease, but they conatitnte 
by themselves a serious torment to a lai'ge number of 
otherwise healthy people. Not a few of those who bear a 
large and vigorous part in the world's work, and may- 
hap reach a green old age, are plagued half their days 
with dyspeptic troubles. These unfortunates have no 
sooner reached the full adult state, and have ceased to 
grow and gather weight, than they enter on a period of 
gastric discord, in which there seems to be a permanent 
■want of due adjustment between then- digestive functions 
and their food aupphes. Besides these habitual dys- 
peptics there are also a multitude of others, also healthy, 
who are hable to frequent paroxyma or fits of indigestion. 
Any unusual worry or anxiety, or any trifling irregu- 
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2 COMfLESITY Oi" HUMAN DIET. 

larity in the quantity, quality, or order of their meals, 
disturbs the tranquillity of their digestive processes. 

The digestion of food is, as you know, at bottom 
perhaps the most simple of all our functions : it can be 
imitated with remarkable precision, in a glass vessel in 
a laboratory experiment. The articles of our food like- 
■wise consist, fundamentally, of a few common alimentary 
principles, which can be counted on the five fingers — 
proteid substances, collagenous matters, starchy and 
saccharine compounds, and fat. Both in regard to his 
digestive juices and the alimentary principles submitted 
to their operation, man does not dilfer in any essential 
particular from the lower animals, and yet it would 
seem as if the function of digestion were less perfectly 
adjusted, and its equilibrium more easily disturbed in man 
than in the lower animals. The cause of this discre- 
pancy is to be sought partly in the quicker and more 
universal sympathies of his nervous system, and partly 
and chiefly, in the extraordinary complexities which 
civilised man has introduced into his dietary. He has 
departed widely, and is departing move and more, in 
regard to his food, from the simplicity and uniformity 
of his primitive nature. Scarcely any two of his meals 
are exactly alike ' — and although the adjustive power of 
his digestive organs keeps pace in the main with this in- 
creasing complexity, the process of adjustment in many 
individuals seems to lag a good deal behind their re- 
quirements. 

The first class of complications with which our 

' This variability or diverait; ia a maiked characteristia of the diet 
of the ciTillaed raoea. Not onl; do the several daily meals — brealifaBt, 
dinner, &0.— differ from each otber, but among the easier classes the 
breaUast or dinner of one day generally differs more or less from ike cor- 
responding meal of another day. Animals in a state of nature exhibit 
little or none ol this diversity — their diet is geuerolly wholly monotonous. 
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digestive Organs have to deal are those arisiug from the 
elaborate preliminary preparations, and especially the 
numerous cooking processes, to which our food is sub- 
jected. In regard to a large part of our food the process 
of cooking is an absolute necessity ; we have no power of 
digesting farinaceous articles without previous cooking, 
and the same may be Baid of the collagenous tissues of 
animal flesh. But although we speak of cooking as if it 
were a definite change impressed on articles of food by 
means of heat, the degree of cooking differs gi'catly. 
We boil or roast animal flesh to varied degrees, and in 
the preparation of eerea! articles there is very great 
difference in the degree of cooking. A well-boiled gruel 
may be said to he fully cooked, and well-baked bread 
may be said to be highly cooked, but pastry is usually 
very imperfectly cooked. The complexity thus intro- 
duced obviously renders the task of adjustment in our 
digestive organs more difficult than if our diet were of a 
more uniform character. Again, we use a number of 
condiments with our food to which the lower animals 
are strangers — salt, vinegar, curries, spices and sauces 
of all sorts. 

But by far the most remarkable departure on the 
part of man in regard to his food, from the common 
ways of the animal world, is the practice he has acquired 
of using in large quantities certain articles of a stimu- 
lant or restorative character, of which the chief are 
alcoholic beverages, and tea and coffee. These articles 
are not themselves endowed with nutrient properties ; 
but inasmuch as they are taken with food, and mingle 
therewith in the digestive passages, they directly com- 
pHeate the task of the digestive organs, as we shall see 
further on. 

There are therefore in the study of human digestion 
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problems of great mterest and importance which we do 
not encounter at all in the study of the digestion of the 
lower animals ; and I propose, in the course of these 
lectures, to examine in some detail the effects of alco- 
holic beverages, and of tea and coffee, and of one or two 
condiments, on the processes of digestion. 

But before coming to this subject, I have some ob- 
serrationa to make, of a somewhat fragmentary character, 
having reference to dietetics in general. 

The science of dietetics must, I apprehend, be mainly- 
based and built up on an observation and a study of the 
practices and customs of mankind in regard to their 
food, rather than upon any a priori data supplied by 
physiology. In the case of the lower animals, we 
assume that each creature selects, from the nutrient 
materials within its reach, those articles which are most 
suited to its well-being, and are best fitted to promote its 
success in the struggle for existence, and that it is 
guided in this selection by an almost unerring instinct. 
This, hke other instincts, is now explained by biologists 
as consisting essentially in an inherited experience, 
which has been gradually accumulated through a long 
line of ancestors, and is transmitted By heredity to the 
descendants.' Accordingly, when we see an animal feed- 
ing on a particular kind of food, we conclude without 
hesitation that that food is, of all the nutrient materials 

' In agreement with tliis G)ip1anation, it is foand that when Bnimals 
are placed under circumBtances which are new to them, and whioh are 
beyond the teaching of anj possibln anocBtrai Guperifnce, their Eood- 
inatinota tail them. Thus, animals can be easily poisoned by the arti- 
Seial miitnre o( poisonous substanoes with theii food, and cattle newly 
introduoed into strange paaturea in quarters of the globe far distant 
from their native soil are liable to be poisoned by stiango herbs, nhicb, 
howayer, after a time they leatn to avoid. 
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accessiljle to it, the best adapted for the special ^■ants of 
its economy. But we know that man, in regard to hia 
bodily functions, is suhject to the same laws as govern 
the life of the lower animals. And we cannot doubt 
that in the formation of hia dietetic habits man is 
guided by the same kind of instincts as those which 
guide the rest of the animal creation ia the choice of 
their food. 

The generalised food-customs of mankind are there- 
fore not to be viewed as random practices adopted to 
please the palate or to gratify an idle or vicious appetite. 
These customs must be regarded as the outcome of pro- 
found instincts, which correspond to important wants of 
the human economy. They are the fruit of a colossal 
experience, accumulated by countless millions of men 
through successive generations. They have the same 
weight and significance as other kindred facts of natural 
history, and are fitted to yield to observation and study 
lessons of the highest scientific and practical value. 

In taking dietetic customs as objects of study it is 
obvious that widely disseminated customs, followed by 
many races and by vast masses of population, have a 
deeper and wider significance than customs limited to 
small communities or to isolated families or individuals. 
It is also obvioas that the practices of the more successful 
races, and of the easier classes of a nation, are more 
likely to yield good dietetic models than the practices of 
backward races, or of the poorer classes. Because the 
former, owing to their ampler means, have greater 
freedom of choice, and because also their greater success 
in the struggle for predominance is 2>rimd facie evidence 
of the beneficial tendency of then- food-habits. I need 
hardly say that dietetic customs which are not the 
outcome of the free choice of the population, but are the 
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consequence of legislative enactments or of 
injunctions, are of no utility as guides in the study of 
dietetics — except, indeed, as warnings of the mischief that 
may accrue from ignorant meddling. 

The British races and the other races of Western 
Europe, together with then- descendants in different parts 
of the globe, are, on the grounds just stated, fitted to 
supply us with a body of dietetic customs which may he 
regarded as a beneficial model. These races and nations 
are, on the whole, but especially in intellectual power, 
far in advance of all others. Their food-customs have 
grown up spontaneously, without material interference 
from legislator or reUgious reformer. Their world-wide 
commerce has brought cheaply to then- doors the products 
of every land and every clime, and has enabled them to 
exercise a greater fi-eedom of selection than has been 
possible to any other races. 

The salient characteristics of the diet of the Western 
races may be expressed in a few words. It consists 
partly of cereal and farinaceous articles and fruit, and 
partly of animal flesh. The use of alcoholic beverages 
is almost universal among them, and they consume, in 
large quantity, tea, or coffee, or cocoa, or all three. I 
propose to make a few remarks on each of these charac- 
teristics. 

THE USE OF MEAT. 

It has been estimated that among the easier classes 
in Western Europe about one-fourth of their food con- 
sists of meat or fish, and three-fourths of vegetable 
articles and fruit. In this, our o^vn country, the con- 
sumption of meat is considerably larger than on the 
Continent of Europe.' 

' The conanmption ot meat per hoid per annam is estimated as 
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consumption is also steadily increasing. The 
however, is not due to any change of habits 
among the easier classea, but to an increasing use of 
meat among the working clasaee. As wages improve the 
diet of the working clasaea tentla to become more and 
more assimilated to that of the easier classes. Among 
the latter it may be said that a state of stable equilibrium 
in regard to this point has been attained, or at least 
approached, and that meat constitutes as large a part 
of their dietary as it is likely to reach. But with the 
larger part of the population this is far from being the 
case. Meat is a dear form of food. In regard to proteid 
matter, lean beef contains, roughly speaking, twice as 
much as wheat flour, but beef is about four times as 
dear as flour, so that you may estimate that proteids of 
animal source arc about twice as costly as proteids of 
The want of means among the poorer 
! prevents this part of the population from in- 
dulging in meat to the full length of their desires. The 
proportion of meat which enters the households of the 
easy classes is greatly in excess of that which enters the 
households of the leas affluent. We should not probably 
be far out in estimating that, if the entii'e population 
consumed aa much meat per head as do the wealthier 
portions, the total consumption of meat in this country 
would be increased threefold, 

136 Iba. in England, 4fi lbs, in Frnnoe, 33 lbs. in Pmssia, and 84 Iba. in 
Belgium. It 19 laiger in cities than in rural distriots, and 19 largest 
of all in London. — Eolb. Condilifm of NaUons, English translation, 
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The use of alcoholic beverages is a marked charac- 
teristic of the diet of the European and other progreesive 
races. The vast populations of Asia, with the exception 
of the Japanese ' and the Indian Parsees,' are almost 
non-alcohohc in then- hahits. This is largely due to the 
prevalence of the tenets of Islam throughout Asia and 
the injunctions against the use of wine in the llahoin- 
medan sjetem. There is an impression that the British 
races enjoy a had pre-eminence for their use of alcohol. 
But this impression is not borne out by exaet inquiry. It 
would appear from the moat rehahle statistical returns 
that there is a considerable uniformity in the consumption 
of alcohol, per head of the population, among the nations 
of Eiu:ope. Mr. Mott estimates the average consumption 
of alcohol among the civilised nations as between four 
and five gallons of proof spirit per head per annum.' 
But although the total consumption of alcohol in this 
country be not excessive for the entire population, a 
larger number of indiriduals take an excessive quantity 

' Sak^, the national beverage of the Japanese, is akiudoE strong beer, 
containing about 10 per cent, of alcohol, brewed from rice b; a peculiar 
method, iiuite different from the processes ased in Europe. The oon- 
sumption oi sak£ in Japan is on a very large scale, and the Onvemment 
dsrivea about a sisth of its revenue therefrom. Mr. B. W, Atkinson, 
formerly Professor of ChemiBtrj in the University of Tokio, estimates that 
the Japanese consume per bead about one-third as much alcohol in the 
form of aak£ as is consumed in England in the form of beer. Bak6 
brewinBisknowntohaveesistedonalargeacalein Japan tor 300 yaara. — 
Memoirs of the Science Department of the Tokio University, No. 6. Tht 
Chemistry of Sah^ Breiuing, by E. W. Atkinson, printed at Tokio, 1881. 

' The habits of the Indian Parsees in regard to the nse of alcohol 
seem to resemble those of temperate Europeans. — See History of th» 
Indian Ptaraia, by Doaabhai Framji Earaka: London, 1S64. 

• A. J. Mott National Bcoicw, May, leSJ, p. 2D6. 
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than is the ease among most of our neighbours across the 
Channel. 

There are certam inferior races who appear to be 
altogether intolerant of alcohol. Either it does not suit 
their type of nutrition or they lack the self-control which 
is necessary to its beneficial use. The IndiauB of North 
America are said to be excited almost to madness hy any 
use of alcohol, insomuch that the Colonial authorities 
forbid, under heavy penalties, the giving or selling of 
alcoholic liquors to the native tribes. The Ainos of 
Tezo, a subject race inhabiting the northern island of 
Japan, appear to be wholly wanting in seK-control in the 
use of alcoholic stimulants, for which they evince an 
irrepressible passion. Whenever they have the opportu- 
nity, both the men and the women drink themselves to a 
state of insensibihty.' The defective reaction of these 
races towards alcohol may be compared to a similarly 
defective reaction in certain individuals and certain 
famihes among ourselves. 



THE rSE OF TEA, COFFEE, AND COCOA. 

Within the last two centuries an important change 
has taken place in the dietetic customs of the European 
nations through the introduction of tea, coffee, and cocoa. 
The use of these beverages has spread rapidly among the 
populations, and at the present day they are articles of 
large and almost universal consumption. In this country 
all three beverages are in common use side by side, but 
tea takes a large and increasing lead, especially among 
the working classes. On the Continent the use of one 
or other of these beverages prevails almost to the exclu- 
sion of the rest ; in France and Germany coffee prevails, 
II Japan, by Mieg Bird, vol. ii. 
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in Russia tea, and ia Spain and Italy cocoa or choco 
late. 

The introduction of these articles constitutes, without 
doubt, the most remai-kable dietetic revolution witnessed 
among men in historic times. "Within the last hundred 
years the use of these beverages has become so large and 
BO general that we may fairly assume that a sufficient 
time has elapsed to enable us to form a judgment of their 
effects on national characteristics. That the effects have 
not been injurious to the nations of Europe is demon- 
strated by the continued progress of these nations, and 
their increasing ascendency among the nations of the 
world. It is scarcely possible that so important and so 
peculiar an addition to our dietary has not had some effect 
on the type of nutrition, and more particularly on the 
nutrition of the brain and nervous system. Eeflecting 
on this matter, I have not been able to avoid the impres- 
sion that it is possible to trace a change in the mental 
type of the Western races in the last three generations. 
There is, I think, to be observed an increased precision in 
their mental operations, resulting in an improved criti- 
cism, and in the rise and progress of the exact sciences. 
It is certainly remarkable that within the last century, 
coincident with the spread of tea, and coffee, and cocoa, 
and perhaps I should add tobacco, and in combination 
with the ancient usage of alcohol, there has been, within 
this brief epoch, more progress made in criticism and 
the exact sciences and the dependent industrial arts, 
than in all the preceding ages of this world ; whereas, 
during the same epoch, art and literature, which depend 
more on the imagination, have practically stood still. 
The coincidence is at least suggestive. 

It is to be noted that (at least among the English- 
speaking communities) the general custom with regard to 
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tea and coffee is to take these beverages in the morning 
and afternoon, whereas with regard to alcohol the custom 
is reverBed, Ab a rule, alcohohe beverages are not taken 
before the midday meal, and the larger portion of the 
daily consumption is reserved for the last meal and for 
the period intervening between that meal and bed-time. 
The reason of this is obvious. Tea and coffee tend to 
promote wakefulness ; alcohol, on the other hand, in the 
second phase of its effects, tends to lethargy and the 
promotion of sleep. 

DIETETIC HABITS OF THE TWO SEXES OP DJPAHTS AMD 
CHILDEEN AND OF THE AGED. 

There is a clear difference to be discerned in the 
dietetic habits of the two seses. There are no available 
statistical data to go upon ; but from common observa- 
tion we cannot fail to note that men eat much more 
meat than women. Probably we should not err in esti- 
mating that two-thirds of the meat brought to market 
is eaten by the men, and only one-third by the women. 
In regard to alcohol, the contrast is still more marked. 
My impreesiou ie that, in this country, three-fourths, if 
not four-fifths, of the alcohol is consumed by men, 
and only one-fourth or one-fifth by the women. On the 
other hand, the consumption of tea and coffee — but espe- 
cially of tea — is markedly more abundant among women 
than among men. The comparison is completed when 
we add that women consume, in proportion to the totaUty 
of their food, more milk and more bread than men do.' 

' If I Bm not mistaken, these contrasts in ibe diet of the two sexes 
are more pronounced in this country than in most otbera; and there is, 
perhaps, to be observed a corresponding breadth of oootrast between 
the cbaracteristica of the two sexes — the men being leas effeminate and 
the women more womanly with ns than among some other populations. 
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AJongside the main dietetic habits eatabhshed for the 
profit of the operative mass of the community there are 
secondary habits formed for the use of infants and 
children, and for persons advanced in years. With 
regard to infants and children, we observe that they are 
not allowed to partake of the accessory ai'ticlea of food 
which form so conspicuous a part of the dietary of their 
elders. They are allowed neither the use of alcohol nor 
of tea and coffee, except gradually as they draw towards 
the adult age, but are fed on simple nutrients — milk, 
«ooked cereals, and more or less meat. 

With advancing years the diet undergoes a certain 
modification. The consumption of meat is, I think, 
generally lessened, and the consumption of milk and 
cooked cereals proportionally increased. In regard to 
alcohol, the modification of habit seems to vai-y with the 
preceding practice of the individual. Persons who have 
been in the habit during their prime of taking a full 
allowance of stimulants gradually diminish the proportion 
as age creeps on, and their nutritive processes decline in 
elasticity and power. Sometimes the indications of this 
natural tendency are neglected or resisted by the unwary ; 
they imagine that the quantity of stimulants which they 
tolerated with impunity, or even took with advantage, 
during the vigour of manhood cannot hurt them in later 
life. This, I believe, is an error the commission of which 
tends to accelerate senile decay and to provoke fatally 
tending organic changes in the kidneys, liver, and 
arterial system. 

On the other hand, persons who during their youth 
and prime have only used alcohol occasionally, or have 
abstained entirely from it, find advantage in their 
declining years in a more systematic use of wine or 
spirits. 
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It is important to remark that the main dietetic 
customs of a country are instituted for the benefit of 
the robust and healthy, of the sober and temperate, and 
those of mean or average constitution ; in other words, 
for those who are bearing the burden of the day and 
fighting the battle of Ufe. These form the gi-eat mass 
and bulk of the adult population, upon whose bodily and 
mental efficiency national progress and ascendency 
depend. A good many indiridaals, and even entire 
families, may not find these customs beneficial to their 
exceptional tendencies or weaknesses; they may even 
find them destructive to their health and life ; but here 
as elsewhere, and indeed imiversally, in Nature's opera- 
tions the individual is sacrificed to the welfare of the 
community— 

So caieM of the type alie seems, 

So careleas of the eingle life. 

It would not appear to be the part of wisdom to 
depart without some solid reason from the dietetic 
customs of the country. We may be quite sure that the 
use of meat and of alcoholic beverages, and of tea and 
coffee, subserve some useful purposes to the human 
economy ; though we, in our ignorance, may not be able 
to specify them with precision. These customs are the 
spontaneous outcrop of natural instincts and the fruit of 
an immense experience ; and the sanction they derive 
therefrom constitutes an incomparably weightier authority 
than any other we possess. 

Nevertheless differences of constitution and personal 
idiosyncrasies have to be reckoned with ; and there are 
frequently good, indeed paramount, reasons why indi- 
viduals should, in some particular or other, depart from 
the general dietetic plan. I have known a few natural- 
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torn vegetarians who have had a life-long distaste for 
meat.' Some persona are intolerant of tea, others are 
intolerant of eoflee. It is, however, with respect to 
alcohol that the most important deviations from the 
mean type of constitution occui-. Some persons are 
made uncomfortable by the most sparing use of alcohol, 
either throughout theii' life or at some epoch of it. A 
good many also are wanting in that self-control which is 
necessary to the salutary use of this stimulant. These 
peculiarities or idiosyncrasies must be attended to. It 
may be regarded as certain that any food or food-acees- 
Bory the use of which is followed by a sense of discomfort 
IB not beneficial to that individual. Persons who are 
unable to take alcohol in moderation should, on pain of 
loss of health and life, altogether abstain from its use, 
for to them it is easier to abstain than to be abstemious. 



EFFECT OF THE QtJALITY OF THE FOOD ON NUTRITION 
AND \1TAL HABITS. 

There are some very subtle and exceedingly curions 
relations between the quality of the food and the 
nutrition and vital habits of the body. They are pro- , 
foundly difficult to understand, and yet are absolutely 
authentic and highly important. One would think that 
so long as an animal obtained his due quantity of 
proteids, carbohydrates, and fats, it did not matter 
much from what source they were obtained. But this 
is far from being the case. There are differences in 
effect not only between animal and vegetable articles of 

' It is not very uncommon to muet with children who hare an aTer- 
aion to meat, and wbo reijuire considerable trftiniDg on the part of their 
parents to accustom tbem to its use. 
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food, but also between one kind of animal food and 
another, and between one kind of vegetable food and 
another. 

A remarkable illustration of the effect of the quality 
of the food on nutrition ia supplied by the honey-bee. 
It is well known that, when by some untoward accident 
a hive loses its queen, the community have the power of 
providing themselves with a new queen. This is effected 
in the following manner. They take one of the ordinary 
neuter eggs, which in the usual course would produce an 
imperfect female or ' worker ' bee, and place it in a 
pecuHarly shaped cell, and feed the larva when hatched 
with a peculiai- kind of food which bee-keepers term 
' Eoyal Jelly,' The ordinary worker larva only gets one 
meal— its first — of this dainty, and is afterwards fed with 
Bome coarser stuff, but the intended queen is fed through- 
out her larva-ship with royal jelly. The consequence of 
this difference of diet is that the larva so fed comes 
quickly to maturity, and, instead of turning out a neuter, 
turns out a fertile female, or queen-bee.' 

Other illustrations are furnished by our domestic 
animals. Experience baa taught trainers that the vital 
habits and qualities of horses and dogs are considerably 
modified by the nature of their food. The characteristics 

' ' It is well knorni that hpmp-geed cnnsBa ballfinchnfl and certain 
other birds to become black. Mr, Wallace has communicated to me 
some much more remarkable facte of the same nature. The natives of 
the Amauonian region feed the common green parrot with the (at ot 
large Siluroid fiahes, and the birds Ihos treated become beaatifully 
variegatod with ted and yellow feathers. In the Malayan Areliipelago, 
tha natiyes of Gilolo alter in an analogous manner the colours of another 
parrot, namely, the Loritis garrvlta, Linn., and thus produce (he Lori 
rnjah, or King-Lory. These parrots in the Malay lelands and South 
America, when fed by the natiTes on natutol vegetable food, such as 
rice and plantains, retain their proper colours.'— Darwin, Animala and 
Plants Wider Domesiicalum, vol. ii., p. 2Gfl. 
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of each strain are transmitted by heredity, but in order 
that they may be maintained in perfection the offspring 
must be fed with appropriate food. Trainers will tell 
yon that the hunter and the draught-horse require to 
be fed differently. The hunter is bred and fed for speed 
and carrying power ; the draaght-horse for bulk and 
strength. In the hunter is wanted rapid hberation of 
energy within a comparatively short space of time ; in 
the draught-horse is wanted a more {ifradual liberation of 
energy and for a longer period. To bring out their 
qualities each strain must he fed appropriately. The 
hunter is fed on a concentrated and stimulating form of 
food — chiefly on the heaviest and most expensive oats — 
which, if I may so express it, is the ' beef ' of the vege- 
table feeders; and, unless he is so fed, he will not perform 
satisfactorily in the hunting-field. The draught-horse 
is fed on a lower and less stimulating diet — on Indian 
corn and chopped hay, — food which tends to increase 
bulk and weight. 

Slow-going sporting dogs — setters and harriers— are 
fed chiefly on oatmeal and weak broth, but the coin-sing 
greyhound is trained on the very best of beef and mutton ; 
and if these distinctions in the feeding are not observed 
neither kind comes up to its best performances. 

These differences are expressed in popular phrase by 
saying that the hunter and the coursing greyhound are 
' high-fed,' and the draught-horse and sporting-dog are 
' low-fed.' The same kind of distinction may be drawn in 
regard to the diet of different members of the human 
family ; some are high-fed and some are low-fed. 
Speaking generally, it may he said that high-feeding, 
in the case of man, consists mainly in a hberal al- 
lowance of meat and in the systematic use of alco- 
holic beverages, and that low-feeding consists in a diet 
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which 19 mamly vegetarian and non-alcoholic. On the 
gronnd of this distinction it may be said that the 
European races are more highly fed than the Asiatic, 
that the British racea are more highly fed than the 
continental races, and that the inhabitants of London 
(owing to their large consumption of meat) are the most 
highly fed population in the world. The easier classes 
are more highly fed than the poorer classes, the town 
artisan is more highly fed than the agricultural labourer. 

In drawing this contrast between high feeding and low 
feeding, the distinction has reference solely to the quality 
and not to the quantity of the food — ^to its comparative 
stimulating properties and concentration. It should also 
be remarked that it is the every-day habit that determines 
the character of the diet, and not occasional indulgence. 
A man may drink alcohol to excess or gorge himself with 
meat once a week or now and then, and yet have a low 
general standai-d of diet. Another man may be a spare 
liver, but if he take regularly, meat three times a day, 
and drink daily of liigh class wines or spirits, even in 
the most modest proportion, his diet must be ranked as 
high. There are distinctions also to be drawn in regard 
to the several kinds of meat and the several kinds of 
vegetable articles used. Beef and game should probably 
be ranked as higher diet than poultry and fish — and oata 
and wheat as higher than rice and potatoes. 

If we compare, as best we may with our limited in- 
formation, the general ehai'acteriatics of the high-fed and 
low-fed classes and races, there is, I think, to be perceived 
a broad distinction between them. In regard to bodily 
strength and longevity the difference is inconsiderable ; 
but in regard to mental quahties the distinction is marked. 
The high-fed classes and races display on the whole a 
richer vitality, more momentum and individoality of 



18 CALCULATING THE MAN-VALUE. 

character, and a greater brain-power, than their low-fed 
brethren ; and they constitute the soil, 
ground, out of which eminent men chiefly arise, 

In calculating what may he termed the ' man-value' 
of individuals, classes, or races, physical quahtiea count 
for relatively Httle. One man may be twice as strong, 
or twice as big, or possess twice as much muscular en- 
diurance, as another; but the difference of value scarcely 
goes beyond, and rarely even reaches, this proportion. 
But the possible difference between the mental capacity 
of one man and another is immense, almost incalculable. 
If you try to assess and to compare the value or capacity 
of a man of eminence — whether it be eminence in art, 
literature, science, statesmanship, commercial enterprise, 
colonising aptitude, military command, or any other 
outcome of brain-power — with the value and capacity of 
an average man, you perceive at once that the proportion 
is not as two to one^biit as ten or twenty to one, or even 
as a hundred or more to one. 

Galton, in his interesting and original work on ' Here- 
ditary Genius,' gives a telling illustration of the possible 
degree of difference in mathematical capacity between 
different individuals. He takes the number of marks 
given to the several candidates in the examination for 
mathematical honours at the University of Cambridge, 
and shows that the senior-wrangler exhibits a mathe- 
matical capacity thirty or thirty-two times greater tbaai 
the lowest on the list of honours ; and this last must be 
credited with a mathematical capacity many times greater 
than that of the average undergraduate. 

Differences in mental capacity are referrible on ulti- 

' It is remarkable how often we hear ot eminent men being troulilod 
with gout, and gout ia nsually produced either ly personal or aaoestral 
high teoding. 
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mate analysis to differences in the type of nutrition of 
the brain-cella ; and nutrition, as we have seen, ia in- 
fluenced in a very subtle manner by the quality of the 
food. It is to be borne in mind that, a certain type of 
nutrition having been acquired, it tends to become 
intensified and fised by a continuance of the conditions 
which originated it, and to be transmitted by heredity. 
The effects of dietetic habits are not therefore made fully 
apparent in a short time, nor are they easily nor soon 
nullified by a change of diet. Gout furnishes an illus- 
tration of these propositions. Gout is a type of nutrition 
liable to be acquired by persons who indulge in a certain 
kind of high feeding. The gouty tendency graduaDy 
grows under a continuance of the gout -producing diet, 
until at length it reveals its presence in an arthritic 
attack. But a person so afdicted caimot easily nor soon 
throw off his gout by revertuig to a low scale of feeding ; 
it is often stamped on his constitution for life, and is 
handed on to his posterity. 

Similarly with types of nutrition produced by a low 
standard of diet. The effects of a vegetarian diet or of 
a non-alcoholic regimen would only be gi-adually deve- 
loped, and would probably not be fully impressed on the 
bodily and mental qualities of the race until after such 
habits had been continued through two or three succes- 
sive generations.' 

' I have enoDunteted io Salfotd, where, some jears ago, there 
existed a floiirtshmg colony of vegetariana, a tradition to the cfFect, that 
thoagh vegetarianism might suit the parents it was bad for the children. 
And I have seen 9pme striking examples in that borougliwhioh appeared 
to indioate that this tradition was well faiiuded. 



LECTURE II. 

OF THE FOOD -AC CESS OKIE 3 ON SALITART 
DIGESTION. 

ScMHiBY :— Preliminary reraarka— Eicliness ot human sttliva in diaBtase 
oonnected with the habit of cooking loofl— Method of eiperimetita- 
tion — Effect oE alcohol and ardent spirits on Baliyar; digeslion — 
Winea— Vinegar— Malt liquotfi—EfferveBGent table waters^Tea and 
coffee— Tannin — Effect of carbonate of soda on tea, and ol the 
effervescent table waters on wine — Boef-tea, salt, and sugar. 

Gentlemen, — 

Havinq disposed of these general considerations, I 
now turn to the examination of some of those problems 
which are special to human dietetics, and which are not 
presented to us at all in the study of digestion in the 
lower animals. We have seen that the ci^'ilised races 
are in the habit of using with their food certain accessory 
articles of a stimulant or restorative character, which have 
no title to be regarded as nutrient substances. These 
form no part of the diet of the lower animals, nor are 
they necessary or essential to our own diet. Nevertheless 
they are consumed by us in enormous quantities, and 
at a prodigious cost. 

"What is the effect of these several accessories on the 
processes of digestion ? Do they help, or do they hin- 
der, or are they indifferent ? 

These are the questions I propose to consider. 
Digestion, as you know, is carried on in three successive 
stages or phases : in the mouth under the influence of 
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salivary diastase, in the stomach imder the influence of 
pepsin and hydrochloric acid, and in the small intestine 
under the influence of the pancreatic juice. I shall take 
these stages in anceession, and inquire in each case what 
is the effect of our various food-accessories on these 
several phases of the digestive process. 



EFFECT OF FOOD-ACCESSORIES ( 

Salivary digestion consists in the transformation of 
starch into sugar. It takes place partly in the mouth 
during the process of mastication, and partly in the 
stomach on the arrival of the food in that viscus, and it 
continues to go on until the rising acidity of the gastric 
contents puts a fical stop to diastasie action. The time 
of saHvary digestion is therefore brief, and to be of any 
avail the action must be rapid. The digestion of starch 
by saliva is never more than partial, and seeing that the 
pancreatic juice lies in reserve in the duodenum, and that 
this has an intense amylolytic activity, it is obvious that 
starchy matters would not fail of being digested even if 
they were not subjected at all to salivary action. Some 
physiologists have even doubted, on the ground of obser- 
vations on animals, whether the action of saHva on starch 
was of any importance. But it is to be remarked that 
human saHva is pecuUarly rich in diastase, richer appa- 
rently than the saUva of any other animal. And this 
wealth of diastase, we may be sure, is not there for no- 
thing. If salivary diastase were of no service, it would^ 
in accordance with a well-known biological law, soon fall 
into abeyance and cease to be secreted. It can scarcely 
be doubted, I think, that the exceptional richness in diar- 
Btase of human saliva has special relation to the habit 
man has acquired of cooking his food. Salivary diastase 
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is powerless on raw starch, but it acts energetically on 
starch which has been changed to a state of jelly or 
mucilage by previous boiling or bating. And if we con- 
sider how large a part of our food consists of bread and 
other cooked farinaceous articles, the importance of our 
exceptional salivary power will at once appear. The first 
step in amylolysis is to change starch jelly into soluble 
starch, and this first step is accomplished with extreme 
rapidity ; and although it ia only the initial act in the 
transformation of starch, the physical alteration so pro- 
duced is very great and of important advantage in the 
subsequent stages of digestion. By this initial act the 
BoHd or semi-solid coherent starch jelly ia transformed 
into a running liquid. Such articles as bread, pastry, 
and doughy puddings are altered considerably even by a 
brief contact with saliva. Their texture is rendered looser 
and more penetrable, and this change greatly facilitates 
the subsequent task of the gastric juiee. 

Method of Experimentation. — In testing the effects of 
food-accessories on starch digestion, I followed the method 
of diastasimetry described by me in a paper pubhshed 
in the Proceedings of the Hoyal Society for 1881. I 
operated on a ' standard starch mucilage,' which con- 
tained exactly 1 per cent, of dry starch.' 10 c.c. of this 
standard starch mucilage were diluted with 90 c.c. of 
water. This was called the ' digesting mixture.' To 
this was added 1 c.c. of filtered saliva, and the time of 
the addition was exactly noted. Digestion soon began 
and went on apace. From time to time a drop of the 
digesting mixture was placed on a white porcelain surface 

' The ' standard starch mucilage ' was always prepared from 
potato Btatch, which can be easilj prepared in a state o( great purity 
by repeated levigation, and drying at blood-beat. It can be obtained 
ready prepared from Uotterehead di Co., ohemiats, Moncheeter. 
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and touched with a drop of aolutiou of iodine. At first 
the well- known dark blue coloration was produced by the 
contact. In a minute or two the coloration produced 
was no longer blue but violet, in another minute it was 
fawn, and then very pale yellow, and finally in four or 
five minutes from the commencement of the experiment 
the abstracted drop gave no coloration at all with iodine ; 
all the starch had been converted into colourless dextrine 
and sugar. The time when this occurred was exactly 
noted — this was called the ' achromic point.' The length 
of time required to reach the achromic point furnished 
a measure of the speed, or activity, of digestion. The 
experiments were always performed at or near blood-heat. 
"When I wished to try the effect on starch digestion of a 
food-accessory, say tea, I added a known quantity of the 
infusion to the 90 c.c. of dilution water, or rather I 
included it in this, so that the total digesting mixture 
always amounted to 100 c.c. The single cubic centi- 
metre of saliva was nest added.' I could then see, by 
the length of time required to reach the achromic point, 
whether the addition I had made hastened or retarded 
digestion or was indifferent. Operating in this way I 
tested the effect on salivary digestion of varying pro- 
portions of alcohol, wines, tea, coffee, salt, vinegar, &e. 

ALCOHOLIC BEVERAGES. 

Alcohol and the Distilled Sjnrits. — Alcohol was used as 
* proof spirit ' containing exactly 60 per cent, of absolute 
alcohol. The whisky was marked 'proof — the brandy 
was 10 under proof. Gin was found to have nearly the 
same effect as a watery dilution of corresponding 
' The same Bpeoimen o£ saliva was always employed for the aame 
set of ezperiments. Bpecimeus oF sahva from the Eome individual were 
ionnd to vary very little in diastaaic power. 
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alcoholic Btrength. I have not therefore thought it 
necessary to give separately the results obtained with gin. 
The following table exhibits the results obtained. The 

TiBiJ! 1. — Skfyiving the effects of Alcohol and af Brandy aiid 

Wliisky on Salivary Digestion. 

10 CO. Btaadanl atarcli mnoiliige+varjiiig qnantltlBa nf proof Spirit, 



Proportion of Proof 

Wbifky in tlie 
DiB«etliig Miitnie 



VBtj Blow action 



indicated 'normal ' of four minutes inserted at the head 
of the columns signifies that with simple water, without 
any foreign addition, the achromic point was reached in 
four minutes at blood heat. The first column shows the 
action of pui-e alcohol, merely diluted with water, and it ia 
seen that the influence is extraordinarily slight. When the 
proportion of proof spirit amounts to 20 per cent., there 
is a slight precipitation of starch ; this increases as the 
proportion of alcohol rises, until, with 90 per cent- 
proof spirit, there was almost total precipitation of 
starch. This precipitation e\"idently interferes with the 
activity of the ferment ; but, even with 90 per cent, of 
proof sph-it in the digesting mixture, there was some 
action, and sugar could be detected after a while in the 
mixture ; gin gave approximately the same results as 
proof spirit. But brandy and Scotch whisky showed 
an inhibitory effect greatly out of proportion to the 
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r quantity of alcohol contained in them ; and brandy was 
sensibly worse than whisky. The cause of this dis- 
crepancy does not depend on the slight acidity of these 
spirits, for I obtained the same results when this was 
neutralised. It seema to be owing chiefly to certain 
ethereal bodies and volatile oils contained in them. In 
the case of brandy the retarding effect depends partly on 
a trace of tannin which that spirit always contains ; 
and tannin, as we shall presently see, has an intense 
inhibitory effect on salivary action. 

Looking at these results, it would not appear that 
ardent spii-its, as used dietetically, hamper salivary 
digestion, hut rather promote it by causing an increased 
flow of saHva. A tea-spoonful of brandy or whisky, 
introduced into the mouth, can he perceived at once to 
cause a gush of saliva. The common practice of adding 
a table -spoonful of brandy to a basin of arroi^TOot or 
sago gruel, therefore, promotes its digestion ; but the 
proportion should not much exceed five per cent., and 
gin is evidently a preferable addition to brandy or 
whisky. Brandy and whisky precipitated the starch 
more readily than proof spirit or gin. 

irincs.^Eoth the stronger and the lighter wines 
showed a powerful inhibitory effect on salivary digestion. 
Even BO small a proportion as one per cent, of sherry or 
hock was found to paralyse saliva almost completely, and 
even one half or one quarter of this proportion delayed the 
achromic point appreciably. Claret and port wine behaved 
similarly. The inhibitory effect of wines is entirely 
due to the very considerable degree of acidity which 
they all possess. In the preparation of white wine whey 
we are in the habit, unconsciously, of utilising the acidity 
of sherry to break the hot milk — for, it is not the spirit 
contained in the wine, but its acid, that causes the milk 
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to curdle. When the acidity of -wines is neutralised 
they lose entirely their inhibitory effect on salivary 
4igestion. 
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Tabi-e n. — Exhibits the results obtained with Sherry and Hoek 
on Salivary Digestion. 
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Action of Acids on Salivary Digestion. — This is aquea- 
tion of considerable interest — not only because we are in 
the habit of using acid wines and malt liquors with our 
food, but also vinegar and pickles, lemon juice, and 
puddings or pies containing acid fruits or acid rhubarb 
stalks. 

The annexed table shows the effect of table vinegar 
mpm salivary digestion : — 

^r TabiiS ni. — Effect of Table Vinegar on Salivary Dirjeslion. 
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The table ehows that the hindering effect of vinegar 
is very powerful. Even so small a proportion as 1 in 
5,000 sensibly delayed the action; with a proportion of 
1 in 1,000 the action was very Blow, and it was altogether 
arrested when the proportion of vinegar rose to 1 in 
600. 

The bearing of these results on the use of salads is 
evident. Salads are usually highly seasoned with vinegar, 
and they are commonly eaten with a liberal use of bread. 
The Eicid may perhaps assist in the digestion of the salad ; 
but it is obvious that it would altogether prevent any sali- 
vary action on the bread eaten with it. This, of course, is a 
matter of no moment to a eupeptic individual, who has 
abundant digestive resources ; but those of weak diges- 
tion would do well to be sparing in the use of acid salads 
and other sour dishes. 

MiUt Liquors. — Malt liquors were found to hamper 
salivary digestion exactly in proportion to their degree of 
acidity. Sound English beers have not nearly so much 
acidity aa wines — and they interfere comparatively Uttle 
with the digestion of starch ; but ' turned ' beer is highly 
inhibitory. 

Effervescent Table Tra(er«,— The examination of these 
yielded some odd results. A pure aerated water, charged 
merely with carbonic acid, exhibited considerable inhibi- 
tory power on salivary action. When the digesting mix- 
ture contained fifty per cent, of a carbonated water, the 
diastasic action was wholly arrested, and even so small a 
proportion as ten per cent, postponed the achromic point 
from four to thirty minutes. But the effervescent table 
■waters of commerce — soda water, potash water, seltzer 
water, Apollinaris water, &c.— are all more or less charged 
with alkaline carbonates ; and this charge of alkali alto- 
gether removes their inhibitory effect on salivary digestion. 
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These waters are, as you know, extensively used both 
here, and still more on the Continent of Europe, as an 
addition to wines — to claret, hoek, and sherry, especially. 
And the effect of this addition is to greatly mitigate, 
or wholly to obviate the retarding influence of these vrinea 
on the digestion of starch. The use of these waters as 
an addition to wines is, therefore, highly commendable. 
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The effect of tea and coffee on salivary digestion pre- 
sented a strong contrast, for while tea exhibited an intense 
inhibitory action, eoffee-^and with it may be ranged cocoa 
— had only a subordinate effect. As this is the first time 
I have had occasion to speak of experimental inquiries 
into the effect of these beverages I must enter into a 
little explanation. There is no standard strength of tea 
and coffee, but from information gathered in the social 
circle, and observations on the beverages put on my own 
table, I have learnt that the medium strength of tea is 
from four to five per cent., that is, four or iive parts 
by weight of the dry leaf to a hundred parts of boiling 
water. Strong tea runs up to about seven per cent., and 
weak tea goes down to two per cent. Coffee is generally 
used in a stronger infusion than tea. Medium coffee 
has a strength of about seven per cent., and strong 
coffee — the black coffee or 'Cafe noir' of our French 
neighbours — has a strength of about twelve or fifteen per 
cent. Cocoa, on the other hand, is usually made weak ; 
the printed directions given on the packets of cocoa 
indicate a strength of only about two per cent. This is 
probably one of the reasons why cocoa has a higher 
reputation as an aid to digestion than tea or coffee. 
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^BfiBLB Vf.—Efftet 0/ Tea and Coffu on Salivary Digeation. 

^Hs to. rtnn.iarfl starch mucilage +TOrsIiig quoatilics o( loa anfl gaOoe 
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Tea. — The table shows that tea is a powerful retarder 
of salivary digestion. When the digesting mixture con 
lained even so small a proportion as one per cent, there 
■was a perceptible retardation, and as the proportion 
Jicreased the inhibitory eiTect was rapidly intensified 
With a proportion of two and three per cent, the 
aehromie point was delayed from the normal of foni 
minutes to thirty and fifty mmutes respectively; with 
ive per cent, it was delayed to three houi's, and above 
ihis proportion there was practically no digestion o 
starch. A specimen of high-class Assam tea was founi 
to retard salivary digestion somewhat more powerfully 
than a good China tea. A very cheap low-class tea 
costing Is. 6(i. per lb., such as is supphed to the poores 
classes, had very little retarding effect. It was probabl; 
an adulterated article. 

What is the cause of the inhibitory action of tea on 
salivary digestion ? It seems to be entirely due to the 
large proportion of tannin contained in tea. Blacl 
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China tea containa, according to the analyses of Jaiike, 
an average of eight per cent, of tannin,' and, as the 
following table shows, tanxiin is highly inimical to the 
^eation of starch. 



H V. — Shows the effect of Ta/imin on Salivary Digcslkm. 







DiKaitliig Ui«are 


Time 111 wldsh the Kuhrnmlo point wai 
renched (NorraiU, i mluulm) 


0-002 per cent. = 1 in 50,000 
0-M6 „ =1 in 20,000 . 
0-01 „ =1 in 10,000 
0-Oa „ =lin 6,000 


10 nuuates 
40 ., 
no dieeation beyond soluble starch 
DO digestion 



On comparing the reaolta obtained with tea and 
those obtained with tannin, and calculating the amount 
of tannin which would be contained in a five per cent. 
infusion of tea, the conclusion is arrived at that the 
tannin contained in tea fully accounts for its inhibitory 
effect on salivary digestion. For if the tea operated with 
contained eight per cent, of tannin and three-fourths 
of this were taken up in the infusion, it would yield 
a solution containing 0'3 per cent, of tannin, and the 
effect of such a percentage of tannin would correspond 
very exactly with the results shown by experiment to be 
produced by the tea employed. It appears that tannin 
exists in two conditions in the tea leaf. One, the larger, 
portion is in the free state, and is easily extracted by 
hot water ; but about one-fourth is fixed and remains 
undissolved in the fully exhausted tea leaves. Some 
persons have supposed that by infusing tea for a very 
short time — -only two or three minutes — the passing of 
tannin into the infusion could be avoided. This is 
I Walter Blyth, Foods, i/wir CampositUm and Analysis, p. 33i. 



' ft delnsioi 



TANSIN IN TEA. 31 



a delusion ; you can no more have tea without tannin 
than you can have wine without alcohol. Tannin, in 
the free state, is one of the moat sohibie auhstancea 
known. If you pour hot water on a httle heap of 
tannin it instantly diBsolves like so much pounded sugar. 

Tea-leaves when treated with hot water expand at once 
into thin broad lamina, presenting a highly favourable 
condition for the rapid extraction of their soluble consti- 
tuents. Tea infused for two minutes was not found 
sensibly inferior in its retarding power on salivary di- 
gestion to tea infused for thirty minutes. The deteriora- 
tion of the flavour of tea by long infusion appears to 
depend on the slower taking up of a bitter principle, which 
is less soluble than tannin, and which, apparently, does 
not interfere with diastasic action. If you wish to 
minimiBe the inhibitory action of tea on starch digestion, 
you should direct, not that it be infused for two or three 
minutes, but that it should be made very weak and used 
very sparingly, and that it should be drank not with the 
meaJ but after the meal has been swallowed. There is a 
curious difference in the practice of different persons in 
the way in which they imbibe beverages with their meals. 
Some drink and eat at the same time, others eat flret 
and drink afterwards. The latter are the wiser if it be 
an object to facilitate their salivary digestion. 

There is another device by which the inhibitory effect 
of tea on salivary digestion may be obviated, and which 
may be recommended to persons of weak digestion. The 
introduction of a pinch of bicai"bonate of soda into the 
teapot completely removes the deterrent effect of tea on 
starch digestion. This is a practice I have seen followed 
in some households, under the idea that the soda helps 
to extrEict the virtue of the tea. I found on experiment 
that the addition of so small a proportion as one per cent. 
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of bicarbonate of soda to the weight of the dry tea-leaf 
greatly mitigated the inhibitory effect of the infusion on 
starch digestion, and that twice this quantity (two per 
■cent.) almost entirely removed it. This latter proportion 
corresponds roughly to about ten gi'ains of soda (as much 
as will stand on a threepenny-piece) to an ounce of the dry 
tea-leaf. A darker coloured infusion is obtained thereby, 
but the flavour is not sensibly altered, nor is there an 
alkaline reaction produced — for tea-infusion, Uke most 
other vegetable infusions, is slightly acid to test paper ; 
and the quantity of soda here mentioned is only just 
sufficient to neutrahse that acidity. But is the inhibitory 
effect of tea on starch digestion injurious to healthy 
people? Is not this retarding effect really one of the 
objects which we unconaeioualy aim at in using this 
beverage ? I will return to these questions later on when 
I come to consider the effects of our food-accessories on 
peptic digestion. 

The peculiar alkaloid of tea — theine or cafl'ein, for 
the two bodies are identical — and the volatile oil which 
gives it aroma, seem to have no part in the inhibitory 
effect of tea on digestion. I made dh-ect experiments 
with citrate of caffein, and found it indifferent, at least 
in such proportions as it could ever be present in our 
tea infusions. I tested the effect of theine and the volatile 
oil in another way, I sprinkled some dry tea-leaf on a 
plate and exposed it for four hours to a temperature of 
212' Fahr. (100° C). This would suffice to drive off both 
the alkaloid and the volatile oil. Tea so treated was found 
to have lost none of its inhibitory effects on starch 
digestion. 

Coffee. — Coffee was found to have a far less inhibitory 
action on salivary digestion than tea {see Table IV.) 
Operating on a 5 per cent, infusion of a high-class coffee, 
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it was found that up to a proportion of twenty per cent. 
in the digesting mixture thei'e was no appreciable retard- 
ing effect. With forty per cent, the achromic point was 
delayed from the normal of four minutes to ten minutes. 
Above this point the retarding effect increased somewhat ; 
but even when the digesting mixture contained ninety per 
cent, of coffee digestion still went on with considerable 
speed. In coffee, tannin is replaced by a modification of 
that substance called caffeo-tannic acid, and this accounts 
for the marked difference in the effect of the two beve- 
rages on salivary digestion. 

Cocoa resembles coffee in its effect on starch diges- 
tion, and it may be regarded as practically indifferent. 
"We may therefore infer from these observations that the 
use of coffee and cocoa, in so far as concerns their in- 
fluence on salivary action, is more to be recommended 
to persons of feeble digestion than the use of tea. 

Beef-teii, Salt, and Siic/ar. — We shaJl see presently that 
both beef-tea and salt exercise a considerable effect on 
peptic digestion ; it was therefore desirable to test their 
infinence on salivary digestion. I found that neither 
beef-tea, nor salt, nor sugar, in any such proportions as 
they were likely to be used dietetically, had any effect on 
salivary action. Strong solutions of salt and sugar did 
not hinder, and very weak ones did not appreciably 
assist. 

Such are the facts relating to salivary digestion re- 
vealed by experiment. I have indicated, in going along, the 
lessons to he learned from them. You will observe that 
none of the agents tried lent any assistance to the action 
of the ferment. Those that were not indifferent acted 
adversely. Tea and wines retarded the most powerfully. 
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The distilled spirits, coffee and cocoa, as used dietetically, 
may be pronounced to be indifferent. The [mitigating 
effects of bicarbonate of soda on tea, and of the commer- 
cial table-waters on wines appear to be well worth bearing 
in mind. 



LECTURE in. 

EFFECT OF FOOD-iCCESSORIEB ON PEPTIC DIGEBTION. 

BtUHUKT; — Method ot experimentation —Effect of varying qnantitieB of 
hydrochloric acid — and ot pepsin — Effect of alcohol and the dis- 
tilled spirits — Port and sherry — Hock, claret, and champagne — 
Halt liqnars— EServBSeent table-waters - Tea and coffee— Beef -tea 
and whey — Sug&x, eajt, glycerine, and fruit-juices. 

Gentlemen, — 

The full force of the accessory articles of food 
falls upon gastric digestion. Both the food and the ac- 
cessories used therewith pass almost unaltered into the 
Btomacb, and sojourn there together for Bome length of 
time. Experiments in vitro on gastric digestion do not 
assimilate bo closely to the natural function as is the ease 
with experiments on salivary digestion. For, as digestion 
proceeds in the stomach, the conditions gradually vary 
and change ; the acidity tends to increase in degree, the 
amount of pepsin also prohahly Increases ; the products 
of digestion are in part absorbed as the process goes on ; 
there is aJso a rapid absorption in the stomaeh of saline 
matters and of such bodies as alcohol and ethereal 
compounds. With all this there is a much more perfect 
stirring up or churning of the gastric contents than can 
be effectuated in a glass tube or beaker. The results of 
experiment must therefore be interpreted with a certain 
allowance for these differences of conditions, 

Method of Experimentation.- — Seeing that the chief 
work of the stomach is to get the solid proteids of the 
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food into solution, or into a homogeneous magma or 
cliyme, the most suitable objects for experiment on gastric 
digestion are the various meat and fish muscle-fibre, boiled 
white-of-egg, and bread. Meat-fibrewas prepared byminc- 
ing lean beef, carefully freed from fat, and boiling it for 
fifteen minutes in two successive waters. The dry and 
hard-looking residual fibre, after copious washing with cold 
water and pressing through a cloth, was then pounded in a 
mortar, and spread out to dry at 100° C. When thoroughly 
dried, it was reduced to a powder and passed through a fine 
wire sieve. In this way a dry powder was obtained of very 
uniform character. Fish-fibre, from the cod, was pre- 
pared in exactly the same way, and yielded an admirable 
material for experiments on digestion. "White-of-egg was 
prepared by peeling ofE the white of hard-boiled eggs 
and then pressing the material through a fine wire sieve- 
By this device, long, thin, uniform cylinders of egg-albu- 
men were obtained, very well adapted for the purpose in 
hand. Bread was prepared simply by drying completely 
at 100° C. and then reducing to a fine powder and passing 
through a sieve. 

Most of the experiments were repeated with egg-albu- 
men, beef-fibre andfish-fibre, but the larger number of triak 
were made with the beef-fibre ; and in the tables which 
follow the results with beef-fibre are almost the only ones 
recorded ; for it was found that no essential differences 
showed themselves in the effect of the several food- 
accessories on the digestion of these three preparations. 

The general plan of the experiments was the follow- 
ing. Four or five large glass tubes a, b, c, d, and e, 
were each chai'ged with two grams of dry meat- or fish- 
fibre {or ten grams of moist egg albumen). 100 e.c. of 
water, acidulated with hydrochloric acid to 0-15 or 0-2 
per cent. HCl were then added to each tube. The 
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tubea were then set upright m a pan of warm water and 
mahitaineii at blood-heat. Tube a was always the 
control tube, or ' normal ' tube, and contamed nothing 
but the material operated on, acidulated wa.ter, and 
pepsin. The remaining tubes b, c, d, and e, contained 
varying quantities of the hquid or substance the effect of 
which it was wished to test. This was always included 
in the dilution water — bo that the digesting mixture 
always amounted to 100 c.e. When the meat- or hsh- 
fibre had fully sweUed out in the acid medium — that is 
to say, m about twenty minutes — there was Ewlded to each 
tube 2 c.c. of an active glycerine-extract of pepsin. The 
tubea were frequently and equaUy agitated as digestion 
proceeded. At the end of about thirty minutes, under 
these conditions, digestion was usuaUy concluded in the 
control tube (tube a) — that is to say, nearly all the 
meat- orfish-iibre (or white-of-egg) had passed into solu- 
tion. It could also be seen by the depth and density of 
the undissolved residue in the other tubes how digestion 
was going on in them. In the course of an hour, or two, 
or three, a fair judgment could be. formed of the relative 
progress or speed of digestion in all the tubes. In re- 
cording the results, the time of completed cUgestion in 
the control tube {or ' normal ') was always taken as 100 
minutes— though the real time was often only about 30 
minutes. This was done partly to facilitate comparison 
of the results in the several tubes, and partly in order to 
approximate more nearly to the usual duration of diges- 
tion in the living stomach. In most of the tables which 
follow, the results recorded are not the results of single 
experiments but the mean of several. They must ac- 
cordingly be regarded >K)t as precise, but as approxima- 
tive, results. 

For purposes which will appear later on, it was 
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considered desirable, in the first inBtance, to ascertain 
the effect on the speed of digestion, of varying quanti- 
ties of hydrochloric aeid — and of varying quantities of 
pepsin. The results of experiments on these points are 
recorded in Tables VI. and VII. 



Tab:,e VI. — Showing the effect of varying quantities o/ Bydrocliloric 
Acid on the Speed of Peptic Digestion. 



PmiK^rtiuu .>( dry HC! in 
tUe DigMtiiig Miiture 


Time In nluoh DlgMtiDn «tm oompletea 


0*05 per cent. . 

O'OS .. 

01 

015 „ 

0-3 „ . . 

0-3 

0-4 

0'6 „ . . 




600 minutes- almost no digesUoB 

300 .. 

130 „ 

116 „ 

100 „ 

115 „ 

IGO „ 

350 „ embarrasaed 



You will observe that the highest speed of digestion 
■was obtained with a proportion of acid amounting to 0-2 
per cent. HCl. This accords with the results obtained 
long ago by other observers. There is, however, not 
much difference between any proportions of acid varying 
from 0-1 per cent. HCl to 0'3 per cent. HCl ; but above 
and below these proportions of acid the speed of digestion 
rapidly declines, "With a proportion below 0*08 per cent. 
HCl, or a proportion above 0-4 per cent. HCl, the time 
in which digestion is completed is more than trebled. 

With varying quantities of pepsin and constant quan- 
tities of acid the relations are quite difi'erent, as the 
following table shows. 
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Vn.^ Shaming the ejfeet of varyiftfj quantities of Peptin 
on the Speed of PepHc Digestioii, 











0-125 per cent 


300 minutes 






0'5 


200 „ 




140 „ 


a- 


100 „ 



It is seen that the speed of digestion is roughly pro- 
portionate to the amount of pepsin in the digesting 
mixture. The more pepsin, the greater is the speed of 
digestion ; and the less pepsin, the slower is the speed of 
digestion — without any limit on either side. And we 
should probably see, as I formerly observed with diastase 
and starch digestion, ' that if it were possible to arrange 
the experiment so as to eliminate all interfering con- 
ditions, the speed of peptic digestion would be found to 
be exactly proportional to the quantity of pepsin con- 
tained in the digesting mixture. 

The observations of Eichet ' indicate that the degree 
of acidity of the contents of the stomach during digestion, 
although it varies through a considerable range, has a 
marked tendency to maintain a certain normal average 
(which he fixed at about 0'17 per cent. HCl) ; and that if 
either acid or alkali be added to the digesting mass, the 
mean is presently restored automatically — the stomach 
in the former case ceasing to secrete acid, and in the 
latter case secreting an increased quantity of acid. 

' See paper by the author, On tlie Estimation of the Amyloiytic and 
Proteo^tic Activity of Pancreatic Extracts. Frooeedinga of the Kojol 
Sooietr, 1881, p. lis. 

• Du Silc Oastriqve, Paris, 1878. 
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I now proceed to lay before you the results of the 
experiments made to test the effect of the various food- 
aecesBOriea on the speed of peptie digestion — and first 
with regard to alcohol, and the various alcohoUc beve- 
rages. 

Proof Spirit, Brandy, Whisky, and Gin.— The results 
are thrown together into a single column, because the 
ardent spirits were found to affect peptic digestion simply 
in proportion to the quantity of alcohol contained in 
them. 

Table VIII.— S;iows ilie efect of Proof Spirit, together taith 
Brandy, Whisky, and Bin, on Peptic Digestion. 

+™rjiug proportinnB of ptout spirit, briDdy, wldsky, or giu+wster 


1 




PropDrtlDn of Ptiwf Spirit. Brandy, 


Time in whi^h DigeFtlon ivas complaled 
I Normal, 100 inlnutoi) 




5 per cent 

10 „ .... 
20 „ .... 
SO „ .... 
40 „ .... 
60 „ .... 


100 minutes 
116 „ 
135 „ 
180 „ 

300 ,, embarrasaed 
almost no digestiou 


L 


It is quite surprising to observe how slight the effec 
of alcohol is on the chemical acts of digestion. Undei 
»n per cent, of proof spirit, there was no appreciable 
retardation. With ten per cent., retardation was only 
jarely detectable. With twenty per cent, there was quite 
distinct, but still only a slight, retardation. Above this 
joint, however, the inhibitory effect of alcohol increase< 
rapidly — it was considerable with thirty per cent, o 
reoof spirit — with forty per cent, digestion was evidentl; 
embarrassed, and with lifty per cent, the ferment was 
almost paralysed. Considering the quantity of brandy 
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■whisky, or gin commonly used dietetically with meals, 
it is evident that the amount is not sufficient to ap- 
preciably retard the speed of gastric digestion. For if 
the digesting mass in the stomach be estimated at 
2 lbs., a wine-glass (2 oz.) of brandy or whisky added 
thereto would only equal five per cent, of proof spirit, 
and this, as the table shows, is too small a proportion 
to hamper digestion. Even double this amount would 
scarcely have an appreciable effect. These spii'its there- 
fore impede digestion only when taken immoderately, 
and in intoxicating quantities. Moreover, alcohol is 
rapidly absorbed by the coats of the stomach, and its 
proportion in the digesting mass would be speedily 
reduced. These experiments therefore indicate that 
ardent spirits, as usually employed dietetically by tem- 
perate persons, act as pure stimulants to gastric digestion, 
causing an increased flow of gastric juice,' and stimu- 
lating the muscular contractions of the viscus, and so 
accelerating the speed of the digestive process in the 
stomach. 

The less concentrated kinds of alcohoKc beverages, 
wine and beers, have an effect on peptic action which 
differs importantly from that of the distilled spirits. 
Their inhibitory influence is greatly out of proportion to 
the dosage of alcohol contained in them. It is desirable 
to distinguish between the effects of the stronger wines 
(port and sherry), and of the lighter wines (clarets, hocks, 
and champagnes), and of malt liquors. 

Sherry and Fort Wines. — The sherry used was a full- 
bodied mature wine of the dessert class. The results 
■were controlled by experiments with a light dinner sherry, 
and no great difference was found between them. The 
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port used was over thirty years old, well matured and of 
a fine but light quahty. 

Table IX.^-Skowing the effect of Sherry and Port on 

Peptic Digeatimt. 

3 grama o£ t«e£-flbTp+0-16^«cei]t.HC14-]c.o, gl^'DPrLue-eitract of pepsin 







Time 




"■""'-"^ 


the SfgesUng 




(KomtJ, 1 


X) minute.) 


SI 


^! 


Port 


6 per cent. 




115 min 


ites 


IDOminutaa 






ISO „ 




116 „ 


15 „ 




200 ,. 




160 ., 


■20 n 








180 .. 


30 „ 




almost n 




200 „ 


40 „ 




- 




embarrBsaed 



It is evident that the retarding effects of sherry and 
port considerably exceed what is due to the alcohol 
contained in them. The table shows that when the 
digesting mixture contained 40 per cent, of either wine, 
the action of the ferment was almost brought to a stand- 
still. These wines are estimated to contain about 20 
per cent, of absolute alcohol (or 40 per cent, of proof 
spu'it) ; therefore, 40 per cent, of these wines ia only 
equivalent in alcoholic strength to 16 per cent, of proof 
apirit^and this proportion of alcohol, as may he seen by 
Table VIII., retards digestion only slightly. Even in 
the proportion of 20 per cent., sherry trebled the time in 
which digestion was completed. There must therefore 
be in these wines some retarding agent besides alcohol. 
I shall return to this subject later on. 

Ab used dieteticaUy, sherry must figure as having 
frequently an important retarding effect on peptic diges- 
tion. This wine is used with dinner by some persona 
very freely, Ilalf-a-pint of sherry is no unusual allow- 
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ance ; and this, in a total gastric charge of two pounds, 
amounts to about 25 per cent., which the table shows to 
be a highly inhibitory proportion. In the more common 
practice of taking two or three wine-glasaea of sherry 
with dinner, we see probably a double action — a stimu- 
lating action on the secretion of gastric juice, and on 
the muscular contractions of the stomach, and a ahght 
retarding effect on the speed of the chemical process, 
especially in its early stages. In smaller proportions, a 
wine-glass or so, sherry would act as a pure stimulant 
to digestion. In connection with the dietetic use of 
sherry it should be further remembered that it exercises 
a strong inhibitory effect on the sahvary digestion of 
bread and other farinaceous articles. 

Hock, Claret, and Champagne. — The hock and claret 
(Bordeaux) used were of medium quality ; the cham- 
pagne was Moet & Chandon's ' extra superior.' 

l^ABU "S..— Shows the effect of Hack, Claret, and Champagne 
Oft Peptic DigeBtion. 



p.«ilHt MtelUTD 


TIniB in Bliioli Digestion vm oompletBd 
(NotmBlluUmiiJBtes) 


Hook 




10 per cent. . .100 minutes 
20 „ . . . 116 ., 
40 ., . . .1 160 „ 
60 ., . . . ; Embarrassed 


100 minutes 90 minutes 
140 „ 100 „ 
180 .. 130 ,. 
Embiiraafleil 1 180 „ 



We observe again that the retarding effect of these 
wines is out of proportion to the alcohol contained in 
them. These wines are estimated to contain from 10 to 
12 per cent, of absolute alcohol (20 to 24 per cent, of 
proof spirit), so that, huwover freely they might be used 
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dietetically, the amount of alcohol bo introduced, even if 
they were uaed up to 80 per cent, of the total contents of 
the stomach, would scarcely produce an appreeiahle effect 
on peptic action. We must, therefore, again here re- 
cognise the presence of some other retarding agent 
hesides alcohol. The table ahowa that champagne has 
a markedly less retarding effect than hock and claret. 
Indeed, in the proportion of 10 per cent., champagne 
had a dibtinct, though slight, accelerating effect. This 
superiority of champagne is due probably, as we shall 
presently see reason to beheve, to the mechanical effects 
of its effervescent qualities. 

If we consider the copious proportions in which hock 
and claret are used dietetically, it becomes evident that 
their retarding effect on peptic digestion is often brought 
into play. A pint of claret or hock is a common allow- 
ance with dinner for robust eaters — and such a propor- 
tion, as the table shows, would not be without considerable 
effect. When French and Italian peasants use freely, as 
they do, a wine akin to claret with their meals, which 
ace mahily composed of bread and other farinacea, the 
effect must be highly retardive on (hgestion. 

On the other hand, the ■ more sparing use of these 
wines, a glass or two, with dinner or luncheon wonld 
evidently not produce any appreciable retardation of 
peptic action, but would, like corresponding doses of 
sherry, act as pure stimulants. In both these instancGB, 
as in some others, it seems to be indicated that by 
adjusting the quantities we may elicit diverse effects. 
"With large quantities we may obtain retardation, with 
small quantities we may obtain acceleration of gastric 
digestion. 

Malt Liquors. — The malt liquors experimented on 
were bottled Burton ale, a light sparkling English table 
beer, and Lager beer. 
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s XI.— S/wurs tliB effect of Malt Liquo 
tauij of ^ed boef-flbre + MB HCI + 1 u-c. gl 



n QaitTie Digestion. 



Pmpnrtlon ol Still 
laqnnrs odntsmeJ iu llie 




Barto...^ 1 ^^^SSl'" 


I^gerbeer 


10 per cent. . 

20 

40 

fiO 


115 minutes 1 100 miaoteB 
140 „ ' 115 „ 
200 ,. 1 140 ., 
Embarraased ' 180 ., 


100 minutes 
116 „ 
HO .. 
180 „ 



The retarding effect of malt liquors is {as is the ease 
with wines) altogether out of proportion to their per- 
centage of alcohol. These beverages contain only from 
4 to 6 per cent, of alcohol (8 to 12 per cent, of proof 
spirit), so that the alcohol contamed in them could 
scarcely ever, on its own account, produce any effect. 
Their retarding influence must, however, often come 
into operation. These beverages are used very freely 
with meals, and the digesting mass in the stomach must 
often contain them in the proportion of 50 or 60 or 
sometimes even 80 per cent. Such proportions would 
act as powerful retardaiits, especially on the digestion of 
bread and other articles of farinaceous food. In more 
moderate quantities — a tumbler or so — especially of the 
lighter beers, this effect would evidently be more pro- 
motive than retardive of gastric digestion. It was 
found experimentally that beer when ' well up ' was 
distinctly more favourable to quick digestion than the 
same beer when ' flat.' 

Effervescent Table Waters. — Simple carbonated water 
distinctly hastened peptic digestion ; but the favourable 
effect was quite subordinate— and it was better brought 
out with proportions of 10, 20, and 40 per cent., tban 
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with larger proportions. I attributed the Blight accele- 
ration observed entirely to the mechanical operation of 
the escaping gas, in causing an additional stirring up of 
the digesting mixture. The ordinary commercial effer- 
vescent table waters — Boda- and potash-water, seltzer 
and Apollinaris waters — all contain, as before stated, a 
certain quantity of an alkaline carbonate. This would 
have necessarily a certain neutralising effect on the 
acid of the gastric juice. But I was surprised to find, 
even in a laboratory experiment, wherein, of course, 
there could not be, as would be the case in the hying 
stomach, any compensating secretion of fresh acid, that 
these waters had, even in the proportion of 90 per cent,, 
only a very sUght and insignificant deterrent effect on 
peptic digestion. In smaller proportions their action 
was quite inappreciable. It may be inferred from these 
observations that the sparkling wines (as indeed was 
found experimentally to be the case with champagne) 
are less hindering to digestion than the stiU wines ; 
and that, when used in moderate proportions, they may 
act, not only as stimulants to the secretion of gastric 
juice, and to the muscular activity of the viscua, but 
may, at the same time, slightly accelerate the speed of 
the chemical process in the stomach. 

Tea and Coffee. — The effect of these important 
beverages is of great interest, in view of their wide 
diffusion and universal use. A large number of obser- 
vations were made with the object of testing their 
influence on peptic digestion. The mean results are 
indicated in the following table. 
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Tabi£ Xn.— Shows the effects of Tea and Coffee on Gastric Digestion, 
4 Tnirtng iiroriortlQne of lea Bud ooBee -v mUec to 100 c.c. 



Pfoportlon of Tm or Coffee 
Dontotued <ii tlie DlgeiE- 


Time in wliiab DIsoBtlon vnu coopletcd 


^"^Lo^" p*"»^S°'"' 


Oo(ft*-li per cent. 

StTKUgtll 


10 per cent. . 

40 !! . . ! 

60 


105 minuteB 1 106 minatss 
HO „ ; UO „ 
IBO „ 1 180 ., 
EmbarraBsed Erabarrasaed 


Almost no action 



It ia seen that both tea and coffee exercise a powerful 
retarding effect on peptic digestion. With infusions of 
equal strength there waa no appreciable difference 
between the two beverages ; but inasmuch as coffee is 
UBoaUy made of greater strength than tea, its effect as 
dietetically used is more potent. Cocoa was found, with 
infusions of equal strength, to possess nearly as much 
retarding effect as tea or coffee ; hut aa it is usually made 
with a strength of only about 2 per cent., its inhihitory 
effect scarcely comes into play in the customary use of 
this beverage. Strong coffee, the ' cafe nou- ' of France, 
18 seen to have a very powerful inhibitory effect. Even 
HO small a proportion as 10 per cent, of this strong 
coffee in the digesting mixture abated the speed of 
digestion very considerably, and with 20 per cent, diges- 
tion waa greatly embarrassed. Considering the copious 
proportions in which we use tea and coffee with our 
i that the retarding effect of these 
lonly brought into operation in gastric 
digestion. I could not detect any appreciable difference 
between the effect of tea infused for 2 or 3 minutes and 
tea infused for 15 or 30 minutes. If you wish to min- 
imise the retarding effects of tea, in persons of weak 
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digestion, you should give instructions that the beverage 
be made weak, or that it be used in sparing quantities.' 

The effect of tea on gastric digestion is enhanced, in 
regard to bread and other farinaceous articles, by its 
powerful inhibitory action on salivary digestion; bo 
that, speaking of these two phases of digestion together, 
tea must rank much higher as a retarding agent than 
coffee and cocoa. In the case of alcohoUc beverages, 
their stimulating influence on secretion, and on the 
muscular activity of the stomach, operates as a partial 
set-off against their retarding effect on the chemical 
process of peptic digestion ; but in the ease of tea and 
coffee there is not, so far as is known, a corresponding 
compensation. Tea and coffee are probably pure re- 
tarders of the digestive process in the stomach ; and the 
question will presently arise aa to whether this is an evil 
or a good. 

Beef-Tea and Whey. — Beef tea may be regarded as 
the representative type of the various soups and broths 
which are so largely used as accessories to the more solid 
ingredients of our food. And the unexpected effects of 

' A good deal has been said of the injuriaus effects on gaBtrio digestion 
of the tannin contained in ten. I question whether the Gtatements made 
with reference to this matter are worthy of attention. It has been alleged 
that meat fibre is hardened by tea ; and that the coats of the stomach are 
liable to be injared by this beverage. These views are entirely theoretical. 
Leather is no doubt a Terj tough indigestible substanoe, but meat fibre 
is not gelatiue.and the coats of the living stomach are not dead membrane. 
Meat fibre does not, as a matter of fact, harden in tea; on the contrary, 
it swells nearly aa freely in acidulated tea, of medium strength, as in 
simple acidulated water. And the same ts true of a half per cent, 
solution o£ pure tannin. The efieot of tannin on peptic action is 
comparatively slight ; and its presence in tea only partially accounts (or 
the inhibitory power ol tea on the digestion ol proteids in the stomach. 
The acid reaction of the gastric contents importantly modifies the 
reaction of tannin on albuminoid solations, and largely obviates the 
prBDipitation of proteids which is occasioned by It in neutral media. 
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beef-tea on peptic digestion led to an examination of the 
effects of whey, and of infusions or decoctions of other 
articles of food — bread and fruit, and also of fruit juices. 
The results obtained with beef-tea and whey are chronicled 
in the following table. The beef-tea was made by gently 
boiling or simmering lean minced beef with an equal 
weight of water for thirty minutes, and filtering. The 
whey was made by coagulating warm milk with the 
peptic extract and then straining and filtering. 



TuLi Xm.— SftoiBS the effect of Beef-tea and Wheji on PepUo Digestion. 

3 grrnna a( ilried lieef-Bbra+O-lS HCl+1 cji. gljoetine-eitnwt ol pepsin 



SniporUaii ol Beef-tea or 
Wliey in tho Digesting 


Time In wUch Digeatlou «ia oompletBa 
(Nomul, lOUmlautesJ 


Eesf-tea 1 Wliey 


10 per cent. 

20 

40 

60 „ . . . 


115 minutes 105 minulea 
140 „ 130 „ 
EmbarrassBd 160 
AlmoBt no digeetion | Embarrassed 



It is seen from the table that beef-tea has a power- 
fully retarding effect on peptic digestion — about equal to 
that of a five-per-cent. tea. Whey retarded senBibly 
less — about equal to hock. 

"With the single and trifling exception of aerated 
(carbonated) water, I found that none of the various 
accessories which we use with food aided peptic digestion. 
The most favourable conditions for rapid digestion were 
BuppHed with hydrochloric acid, pepsin, and simple 
water. £ven minimal quantities of alcohol, wines, tea, 
or coffee did not give the least assistance to the chemical 
process. Some of the things I tried were found to be 
indifferent, or then- retarding effect was so slight that in 
the quantities in which they are generally used dieteti- 
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cally the retardatiou could not be regarded as having 
any practical importance. Among these were cane sugar 
up to a proportion of 10 per cent., glycerine up to the 
same proportion, strong decoctions of bread, ripe apple, 
and pear, and the expressed juice of the grape and the 
orange. In regard to the two last, however, it was 
found that when their proportion in the digesting mistnre 
amounted to 60 per cent, or over, a very considerable 
retardation occurred: grape juice had a more potent 
effect than orange juice. So large a proportion as 60 
per cent, of these juices could, however, only occur in 
the gastric contents when thest; fruits were taJten im- 
moderately, aa sometimes happens with children.' 

' Dr. W. J. Fraser has published, in vol. iviii. of the Jowmal of 
Anatomy and Physiology, a verj interesting paper — baaed on a large 
number of elaborate experimenta — dealing with the efFecta of tea, coBee, 
and oocoa on peptic digestion. The results obtained by Dr. Fraser 
coincided generally vith those reeorded above; he found that these 
beveragBE in nearly every inatanoe retarded peptic digestion. The plan 
ol the experiments differed so widely from that followed by mysell that 
it was not found poeslhle to bring the results of the two sets of expeii- 
menta into aaefol eompariaon. 



BPFBOT OP FO0D-AC0E8S0RIB8 ON PEPTIC DIOEBTION CON- 
TINUED— THEIR EFFECT ON PANCKEATIO DIGESTION. 

ScuiuitY : — Causes of the retarding effects ot fDod-acceBBories on 
peptic digeBtion— In the cases of beet-tea and whey— Action of 
saltB ot the organic acids -and of chlorides of potaBsIimi and 
sodium — Effect of superaoidulatioo and dialysis in removing the 
retarding effects of tood-accesnorieB — Retardation of peptio diges- 
tion probably beneficial in purpose — Acgameat od this question. 

Effect of food -accessories on panoreatio digestion— On pancreatic 
diastase— On trjptic digeation— Clinical relationa of gastric and 
pancreatic digestion in regard to the feeding of the Biak. 

Gentlemen, — 

The general results of the experimentB described 
in the preceding lecture appeared to me not a little 
remarkable. I was pai"ticularly Burpriaed to find that 
Leef-tea and whey, which, as meat-juice and milk, are 
common articles of food, and which are given to invalids, 
should rank with alcohol, wines, tea, and coffee — and even, 
in the caae of beef-tea, rank high — as retarders of peptic 
digestion. And nothing struck me more than the com- 
parative feebleness of alcohol in this respect. Proof spirit, 
whisky, and brandy had no more retarding effect than so 
much beef-tea, and we have pre\'iouBly seen that alcohol 
is Btni more feeble as a retarder of salivary digestion. 

What is the cause of these retarding effects ? On 
inquii-ing into this question, it was speedily seen that 
the cause was different in different cases. In the case 
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of proof Spirit the cause must, of course, be due dii-eotly 
to the alcohol contained in it ; and the same ia true of 
whisky, brandy, and gin, in regard to which it was 
found that their retarding effect was proportional to the 
quantity of alcohol they contained. But in regard to 
wines and malt liquors, their percentage of alcohol did 
not account for nearly their full effect ; and with tea, 
coffee, beef-tea, and whey, alcohol had, of course, no part 
in the retarding effect produced by them. These latter 
are all highly complex fluids, containing various ingre- 
dients of widely different nature. The wines, besides 
alcohol, contain ethereal compounds and saline and ex- 
tractive matters; and malt liquors contain, in a^idition 
to a small dosage of alcohol, the extractive matrera of 
hops, dextrines, and salines. Tea and coffee contain the 
alkaloid theine (or caffeine), an essential oil, salines, and 
a bitter principle. Tea contains a large percentage of 
tannin, and coffee a still larger percentage of caffeo-tannic 
acid. Beef-tea and whey are rich in organic salts anc 
other saline matters, besides very complex extractives. 
It is not siu-priaing therefore that inquiry into the causal 
agent of retardation should reveal profound differences 
in this respect. 

I have by no means mastered this subject, but I have 
obtained a certain amount of light, which has both a 
positive and a negative bearing. 

It win facilitate matters if I take first the cases of 
beef-tea and whey. I think I have made out in both 
these instances that their retarding effect on peptic 
digestion is due to the presence in them of salts of the 
organic acids and of neutral inorganic salts ; namely, to 
the lactates and sarcolactates, and to the chlorides of 
potassium and sodium which they contain. 

It has been shown by Eerthelot that salts of the 
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organic acids are decomposed in the presence of the 
mineral acids, just as the carbonates are — with this 
difference only, that in the latter case the carbonic acid, 
being gaseous, escapee with efEervcBcenee, whereas in the 
former case the organic acids which are set free remain 
in the solution. Therefore, when lactate or tartrate of 
potash is mixed in solution with free hydrochloric acid, 
there is inmiediately formed chloride of potassium, and 
free lactic or tartaric acid. And this is exactly what occurs 
in the stomach with beef-tea and whey, for the hydro- 
chloric acid of the gastric juice seizes on the bases of 
the lactates and sarcolactates contained in these liquids, 
forming therewith chlorides of sodium and potassium, 
and Betting free the organic acids ; and although the 
acidity of the gastric contents is not thereby diminished, 
this acidity no longer consists of hydrochloric acid, but 
partly of that and partly of lactic acid ; and if the quantity 
of beef-tea be considerable, all the hydrochloric acid may 
disappear, suid only lactic acid be left free in the solution. 
The effect of this substitution is immense, for the organic 
acids have only a very feeble digestive power as compared 
with hydrochloric acid. On comparing experimentally 
lactic and tartaric acids with hydrochloric acid, I esti- 
mated that for equal saturating power the organic acids 
had not more than one- eighth or one -tenth of the 
digestive power of the mineral acid. 

In order to test the actual effect of an organic salt 
on peptic digestion I made some observations with the 
neutral tartrate of potash. Varying quantities of this 
salt were added to the usual digesting mixture. The 
following table exhibits the results obtained : — 
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TiBLB XIV.— Shouimg the effects of SiUtt of the Organic Acids 
an Peptic IHgeetion— Neutral Tartrate of Potash. 



10gr™.n.oUt 
+ ™rylDgiiii 


MitlltM of nentnii tanrata o( polaiili + water M luO to. 


Propottlon (if Tattm 
Digertina 


B .It Pntaah In the 


Time In whicb dgislloij wu mmplEled 


0-06 peroant.-l 
0-126 „ = 1 
0-2fi „ =1 
0-5 ., -1 


in aooo . . 

in 8(H) . 
m4Q0 . 
in 200 . . 


115 ttiinutea 
160 ., 
EmbaiTassed 



leled 



It is seen from the table that even bo small a pro- 
portion of the tartrate as 1 in 2,000 retards digestion 
appreciably, and that one in 800 retards it considerably. 
To obtain an idea of the effect of this in the living 
stomach, let us suppose that the total gastric contents 
during digestion amounted to two poimds (14,000 grains), 
then BO small a quantity as scTcn grains of the tartrate 
of potaah would slightly prolong digestion, and eighteen 
grains would retard it considerably. 

But the mere substitution of the organic for the 
mineral acid is not all — the presence of the newly formed 
chlorides in the digesting mixture is an additional cause 
of embarrassment to the digestive process. The annexed 
table exhibits the effects of the chlorides of sodium and 
potassium on peptic digestion. 





proi»rtioo ot HaCl or 

Ka Id tha DiicMttog 

Mtatoro 


Tims In wlitiili OigMtlan wu cKuopliiIed 
(Nornul. IIN niluulcs) 


1 


Sodium CliloriOe 




O-lpeioent.-lmlOOO 
0-35 ,. i=lia400 
0-B „ -1 in 300 
1- „ -1 in 100 


115 minntas 
150 „ 

Almost no digeation 


lOSminutoB 
130 „ 
150 „ 
Embarrassed 
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The table shows that sodium ehlotide has a very 
considerable power of retarding peptic action. Even 
in the proportion of 1 in 1,000, it has an appreciable 
effect ; and with 0-5 per cent, {or 1 in 200) the effect is 
BO great as almost to bring the process to a standstill ; 
the potassium salt has very distinctly less retarding 
effect, as the table indicates, than the soda salt.' 

These observations yield presumptive evidence that 
the lactates and neutral mineral salts known to exist in 
beef-tea are the real retarding agents of that liquid, and 
that probably kindred salts contained in wbey, beer, and 
wines may account, at least in part, for the retarding 
effects of these beverages. 

Now, if this explanation be correct, we ought to find 
that by increasing the hydrochloric acid in a digest- 
ing mixture containing beef-tea the retarding effect is 
mitigated. For if the lactates of beef-tea cause occulta- 
tion of a portion of the free mineral acid, and thereby 
retard the speed of digestion, we should expect to find 
that the addition of more of the mineral acid, so as to 
compensate for this loss, would partly obviate the retard- 
ing effect ; and this is precisely what occurred on experi- 
ment. The effect of Buperacididation was tested not only 
with beef-tea, but also with whey, coffee, tea, wines, and 
malt liquors. The results obtained, however, only fully 
answered expectations in the cases of beef-tea and whey. 

' The powerFtil inhibitory effect □( sodimn chloride oo peptic diges- 
tion has probably Bome bearing on the old debated question of why the 
Btomach does not digest itself. The blood-aetum contains just 0'6 per 
oent. o£ Bodium ohloride, and this proportion is aeen bj the table to in- 
hibit paptie digfiBtion. No doubt, as Dr. Pavypointed out, tlio principal 
obstacle to tbe seU-digestion of the stomach daring life is the altaliue 
reaction of the blood -serum ; but the presence in it of the sodium 
chloride is an additional and veiy interesting security against such a 
disaster. 
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In regard to the other heveragea the results were either nil 
or very shght. The observations tabulated in Tahle VIII., 
page 40, indicate that the rate of digestion of beef-fibre Ib 
sensibly the same with an acidulation of 0'15 per cent. HCl 
and with an acidulation of 0'3 per cent. HCl. Accordingly 
comparison was made with these two grades of acidulation 
in digesting mixtui-es containing an inhibitory proportion 
(that is to say, a proportion which would approximately 
treble the normal time of digestion) of beef-tea, whey, 
coffee, tea, wines, or malt liquors. The results obtained 
are chronicled in the following table: — 



Table XVl.—Shotemg tlie effect of Superaeidulation i 
Mixtures confaimng Inhibitory Quantities of varioiu 
3 grams of ilrled beef-fibre -V S c,a. peptlo extradt + liiblbltory < 





Timeii 






AflaitlontotheDlgEBtlng 

MiltUTB 








OWn^« 


.tHCi 1 


0-3p.r™,t.Hn 


Beet-tea 40 percent. 


300 mil 






120 minutes 


Whey 60 „ 


300 






130 „ 




300 






200 




Tea 60 


300 






240 




Claret 60 ,. 












Hock 60 „ 


300 






300 




Burton ale 50 „ 


300 






300 




Sherry 20 „ 


300 






330 












330 





It is seen that with heef-tea superacidulation acted 
powerfully in obviating the retarding effect — in fact, 
almost nullifying it altogether. With whey the increased 
acidity also acted powerfully in the same direction — 
not nearly so much, but still considerably, with coffee — 
much less with tea — and not at all with the lighterwines 
and Burton ale. With sherry and port superacidula- 
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tion distinctly aggravated the inhibitory effect of these 
beverages.' 

The conclusion was therefore arrived at that the 
inhibitory effects of beef-tea and -whey were largely due 
to the salts of the organic acids contained in them, that 
the same explanation applied only partially to the effects 
of coffee, and atill less with regard to tea. In the case 
of wines and malt liquors, it was evident that their 
inhibitory effects muBt be otherwise accounted for. 

Further Ught on the retarding effects of these several 
food-accessories was sought by subjecting them to dia- 
lysis, whereby a rude and imperfect but suggestive idea 
could be obtained of the effect on them of absorption 
through the walla of the stomach. In each case 100 c.c. 
of the Uquid to be tested were dialysed for six hours into 
3,000 c.c, of water ; and the retarding effect of the 
dialysed product was compared with that of its «n- 
dialysed counterpart. The results are recorded in the 
following table :— 



Table XYH.— Showing the effecU of Dialysis.' 
» graniB driea betf-flbro + O'lS HCl + S 0.0. peptio cstnict + yarjing 
quautlllts or tlMyn^A and niidialjted bccf-teo. whay, cofife. teu, Ugbt 
Miioea, DT Bnnoii ale + wsIiet to IM c.c. 


Addition to tho DlgesUag , (Noribul, 100 miuutos) 


Uuiliuljsea 


DlBljBHl tor « llOMB 


Beet-tea 40 per cent, i liOO minntsB 
"Whey fiO „ 300 „ 
Coffee fiO „ 1 300 „ 
Tea 60 „ 300 „ 
Claret 50 „ 1 800 „ 
Hoolt 60 „ 300 „ 
Burton ale 50 „ 300 „ 


120 minutsB 
13S „ 
210 „ 
240 „ 
210 „ 
310 „ 
1!»6 „ 



' I take this to be due to the large proportion of aloohol contained 
ia Bherry and port ; lor I found that with proof spirit also superaoidu- 
lation acted adyeraelj on the speed of peptic digestioi 

' The increase of the product in the dialyser varied a good deal. In 
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The results of dialysis, as shown in the above table, 
yield the same indications as superacidulation, and lead 
to the conclusion that in regard to beef-tea and whey 
the retarding agenta are the crystalloids contained in 
these hquids, and which dialyse with rapidity. Coffee 
and ale were also considerably affected by dialysis, but tea 
and the light wines were only slightly affected by dialysiB 
for six hours. I found that by dialysis for twenty-four 
hours the retarding power of all these beverages was 
almost entirely removed. 

From these observations on superacidulation and 
dialysis it was inferred that with beef-tea and whey the 
saline matters contained in them are wholly answerable 
for their retarding effect on peptic digestion. With 
regard to coffee the retarding effect is partially due to 
saline matters, perhaps chiefly to the caffeo-tannate of 
potash contained in that beverage. In the case of 
ale it would also seem that the saline ingredients con- 
tained therein account for a considerable portion of its 
retarding effect ; and it would further appear, from a 
comparison of the effects of superacidulation on the one 
hand, and dialysis on the other, that the retarding salinee 
of ale are not salts of the organic acids, but neutral 
mineral' salts— probably chlorides and phosphates of 
potash and soda. 

In the cases of tea and coffee there arose the question 
whether the alkaloid, theme or caffeine, contained in 
these beverages contributed anything to their retarding 
effect on peptic digestion. Direct experiments gave a 
negative answer to this question. It was found that 

the case of beef-tea, whey, the mnea, and beer the inoreaae ftmonnlad 
to about 10 per cent. ; id tlie case of ooSee to i per cent. ; and in the 
oaae ot tea to oniy 1 per cent. AJlowance was made in the esperiments 
tor theae difFerenccB. 
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citi-ate of caffeine, tip to a proportioo of 1 per cent. 
in the digesting mixture, had no appreciaLle effect — 
and this is a far larger proportion of the alkaloid than 
ever gets into solution in our ordinary infusions. Neither 
has the volatile oil contained in tea and coffee any effect. 
Tea and coffee which had been heated on a plate at 100- C. 
for a pfiriod of four hours — whereby both the volatile oil 
and the alkaloid would be driven off — yielded infusiona 
which had not appreciably lost any of their retarding 
effects. The tannin of tea accounts for a portion of the 
retarding power of this beverage, but only for a portion. 
I found experimentally that the tannin contained in tea 
accounted for about one-half of the retarding effect of 
that beverage on peptic digestion. 

With regard to wines, I am unable to account for 
their retarding effect on peptic digestion. Neither super- 
acidulation nor dialysis gave support to the idea that iti 
was due to their saline ingredients. The retardation 
caused by these beverages was wholly out of proportion 
to the alcohol contained in them. In the case of sherry 
it was found that when this wine was briskly boiled for 
five minutes, and the loss by evaporation afterwards made 
up by the addition of water, its inhibitory effect was 
lessened by fully one-half. This showed that the high 
retarding power of sherry was largely due to its volatile 
constituents. 

Speaking generally, we may infer that the retarding 
effects of beef-tea and whey are due to conditions which 
are easily obviated in the living stomach — either by the 
rapid absorption of their saline ingredients by the gastric 
capillaries, or by an increased secretion of gastric acid. 
But in regard to coffee, tea, the wines, and malt liquors, 
their retarding agency would appear to be less easily re- 
movable, and would therefore exercise a more persistent 
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influence on gastric digestion. The retarding power of 
beef-tea and whey ia, however, worth bearing in mind : it 
Ebccounts perhaps for the difficulty and discomfort which 
some persons notoriously experience in the digestion of 
soups and mill: ; and points to the desirability of restricting 
the amount of these fluids in persons of weak digestion. 
The practice of taking soup at the beginning of dinner is 
80 widespread that it must be credited with some beneficial 
purpose. The object of the practice probably is to awaken 
the stomach to its work. Taken on an empty stomach 
the salines of the soup would be rapidly absorbed, and in 
passing through the coats of the stomach they would pro- 
voke both the glandular and the muscular activity of the 
organ. Taken in due quantity this would probably be the 
only effect, but taken in large quantity soup would un- 
doubtedly display its retarding power on the chemical act 
of peptic digestion ; it should therefore be partaken of 
sparingly by persons of feeble digestion. This rule, I 
apprehend, accords perfectly with common experience. 

I shall have occasion to explain further on why beef- 
tea and milk, notwithstanding their retarding effects on 
the chemistry of gastric digestion, are nevertheless often 
suitable aliments for sick persons. 

I come now to a curious and interesting question. 
What is the meaning of all this retarding effect ? Why 
should the practice be almost universal among civilised 
races of taking with their meals beverages which retard 
digestion ? And, consideriug the copious libations ' of 
tea, coffee, beer, or light wines which healthy persons 
associate with their meals, it is quite evident that an 

' This, however, onlj applies to persoos in health. These agenU 
figure quite ilifferentl; in the dietetic babiCs of invalids. They ara 
either altogether omitted from theii dietaiy or used sparingly, or very 
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important retardation of gaatrie digestion is thereby 
freqaently produced. 

Ib this retardation wholly, or even at all, evil 9 Do 
we healthy people take tea, co£fee, wines, or beer with oar 
meals for some collateral good, and in spite of their un- 
toward retarding effect on the chemistry of digestion, or 
is there really some good in this retardation itself? and 
do we anconseioualy nse these beverages partly for this 
very purpose of abating the speed of gastric action ? 

It requires perhaps some courage to set forth and to 
defend a proposition apparently so paradoxical as that 
men take these beverages in part with the unconscious 
purpose of retarding their digestion. This is, however, 
what I propose doing, and I am countenanced in this 
speculative course by some words of Darwin. ' False 
facts,' he says, ' are highly injurious to the progress of 
science, because they often endure long ; but false views, 
if supported by some evidence, do little harm, because 
everyone takes a salutary pleasure in proving their false- 
ness ; and when this is done one path of error is closed and 
the true path is often at the same time opened.' ' The 
view I am about to suggest concerning digestive retarda- 
tion may be true or false, and must submit to the test of 
criticism; but the facta indicated by the experiments 
stand equally fast whether that view prove true or false. 
It does not really require much ingenuity to show 
cause why retardation of gastric digestion may not be 
regarded in the healthy and strong as having a beneficial 
purpOBe. 

We must bear in mind that among civilised races 

the preparation of food for the table is carried to a high 

degree. The cereal grains which are employed to mate 

bread are fii-st finely ground and sifted from the bran by 

' Descent of Man, cliKp. ii\l. 
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the miller ; the flour is then subjected with the aid of 
moisture and artificial heat to a cooking process ; the meats 
and fish we eat are boiled or roasted ; the vegetables we 
use are carefully deprived of their coarser parts, and then 
are boiled : all this preliminary prepai-ation and cooking 
renders our food highly digestible, and easy of attack by 
the digestive juices. But tliis is not, I apprehend, the 
sole object in view. The preliminary preparation and 
cooking not only renders our food more digestible, bnt 
makes it also more capable of being thoroughly exhausted 
of its nutritive qualities. These two objects are not quite 
the same. Even as it is, and with all this careful pre- 
paration, some waste, occurs ; and the freces always con- 
tain considerable remnants of undigested food. But it 
is ohvious that if food be rendered too easy of digestion 
there arises a risk that the meal will pass too quickly, and 
wastefuUy, into the blood, and on through the tissues 
into the excretory organs, and so out of the body, before 
it has been made fully and ecouomicaily available for the 
Bustonance of the alow nutritive processes. Moreover, a 
sudden irruption into the blood of large quantities of 
newly digested aliment would tend to disturb the chemical 
equiUbrium of that fluid, and so interfere with the tranquil 
performance of its functions. It would also tend to 
produce hepatic and other congestions, to the general 
disadvantage and discomfort of the economy. A too 
rapid digestion and absorption of food may be compared 
to feeding a fire with straw instead of with slower burn- 
ing coal. In the former case it would be necessary to 
feed often and often, and the process would be wasteful 
of the fuel ; for the short-Hved blaze would carry most of 
the heat up the chimney. To burn fuel economically, 
and to utihse the heat to the utmost, the fire must be 
Lped down so as to ensure slow as well as complete 
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combuBtion. So with human digestion, our highly pre- 
pared and highly cooked food requires, in the healthy 
and vigorous, that the digestive fires should be damped 
down in order to ensure the economical use of food. 

In the plan of the dietary of the civilised races, 
arrived at slowly as the result of an immense experience, 
we seem therefore to detect two apparently contradictory 
aims — namely, on the 6ne hand, to render food by pre- 
paration and cooking as digestible as possible ; and, on 
the other band, to control the rate of digestion by the 
use of certain accessory articles with food. In reality 
these objects are not contradictory but co-operative to a 
beneficial end. For, to express the problem in another 
■way, it may be said that we render food by preparation 
as capable as possible of being completely exhausted of its 
nutrient properties ; and, on the other hand, to prevent 
this nutrient matter from being wastefully hurried 
through the body we make use of agents which abate 
the speed of digestion.' This combination of appliances 
renders our plan of feeding more elastic, more adaptable 
to variety of individual health and constitution, and to 
variety of external conditions.' 

During the early periods of Hfe retardation of diges- 
tion ia less required than in the adult state, because the 
growing organism can more fully utilise, in the work of 
the building up of the framework, any excess of food 

' & alow digeation is quite a different thing from an impecCsot 
digestion ; indeed, it has seemed to me th&t dy speptios Bomctimes EuSer 
not from a. too slow but from a too Lurried digestion. 

' The practice ol the Irish peasant to nndetboil his potato, so bb to 
leave a ' stone,' us it is said, in the middle of it ; and the practice ot the 
Bcotoh peaEaat to undercook hia oatmeal — for he makes his ' hrose' not 
by boUicg, but simply bj pouring boiling water on the meal— both these 
piacticea seem designed to cheek the speed of digestion, and thcrebf to 
enable the meal to ' sta; ' the Btomaeh for a longer period. 
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which is poured into the blood. Accordingly we obaerve 
that retarding agents {tea, coffee, and alcoholic beverages) 
are not used at all, or only used aparingly, by infanta 
and children. 

If this view of digestive retardation in the stomach 
be well founded, the stomach becomes in some degree a 
storage organ for food — like the crop of birds, the paunch 
of ruminants, the dilatable cheeks of monkeys, and the 
pouch of the pelican. 

Use of Salt. — Why do we use so much salt with our 
food ? Animals in a state of nature require none. They 
find (with most rare exceptions) all the salt they require 
in their natural food ; but cooks are always adding salt 
in their culmary operations, and we have it nearly always 
on our plates. This habit is probably dependent on the 
elaborate preparation and cooking to which we subject 
our food. In the preparation of flour the wheat is robbed 
of its outer coating, or bran, which contains the larger 
part of the saline matters of the grain. Potatoes and 
green vegetables are boiled in large quantities of water, 
and aje thereby deprived of their saline ingredients. 
Meat and fish are boiled or roasted, and thereby lose 
some of their mineral constituents. Salt must therefore 
be supplied artificially to make up the defect, and to 
restore to the food so treated that sapidity and salinity 
of which it has in part been deprived. It has been 
remarked that tribes and races which subsist chiefly on 
a vegetable diet have more need of salt than meat-eating 
communities. 



EPFEOT OF POOD-AOOES80BIES ON PANCREATIC 

The effects of the food-accessories on pancreatic 
digestion must obviously be less important, and also more 
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difficult to estimate, than in the case of salivary and 
peptic digestion. These accessories undergo changes in 
the stomach ; alcohol and saline matters are largely 
absorbed in that viscus, so that the beverages containing 
them are considerably modified by the time they reach the 
duodenum. And not only are the accessories altered by 
their sojourn in the stomach, but the articles of food are 
also profoundly altered. Digestion is akeady half accom- 
plished, the solid proteids itre partly reduced to a state of 
Bolution, and the entire gastric mass is converted into a 
more or less homogeneous chyme. AVhen tliis enters the 
duodenum it encounters the alkaline secretions of the 
liver and pancreas. A large part of the dissolved matter 
is reprecipitated by the neutralisation which then oceurSf 
and the whole digesting mixture becomes alkaline in re- 
action. The digestion of starchy matters, suspended in 
the stomach, is now actively resumed ; the digestion of 
the undissolved proteid matters which came through the 
pylorus, and of the neutralisation precipitate, recom- 
mences and proceeds to its final termination. 

Pancreatic digestion appeared in my experiments, 
except in the cases of milk and farinaceous matters, to 
be essentiaUy slower than gastric digestion. On meat 
and fish fibre and on egg-albumen pancreatic extract 
acted with extreme slowness, but on mOk the action was 
extremely rapid — so likewise on bread. The agency of 
the stomach seems especially necessary for the digestion 
of all kinds of meat. 

In considering the effect of food -accessories on pan- 
creatic digestion wc have to distinguish between the 
diaatasic and the tryptic action of pancreatic juice. 

Effect of Food-accesaoHes on Pancreatic Diastase.— The 
action of alcohol on the pancreatic digestion of starch 
waa found to be identical with its effect on salivary diges- 
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tion (see p. 24). In regard to wines and beer, it was 
found, as explained in a preceding lecture, that their 
inhibitory influence on the action of salivary diastase was 
entirely due to the acidity of these beverages. The same 
is the case with their action on pancreatic diastase — and 
as this acidity is removed by the alkaline juices of the 
duodenum, these beverages are without any effect on the 
pancreatic digestion of starch. In the case of tea the 
reaction of the medium also governs the result. For, 
although tea is highly inhibitory of pancreatic, as of 
saliyary, amylolysie, this inhibitory action is removed (or 
almost removed) by changing the reaction from neutral 
or faintly acid to alkaline. When therefore tea passes 
into the alkaline atmosphere of the duodenum it ceases 
to have any effect on the pancreatic digestion of starch, 
or at least any effect of practical significance. 

Effect of Food-accessories of Tryptic Difiestian. — I tested 
experimentally the effect on tryptic digestion, of milt, 
of alcohol, and of tea and coffee. Alcohol had a distinctly 
retarding influence when its proportion in the digesting 
mixture rose to 5 per cent, of absolute alcohol (10 pet 
cent, of proof spirit), but the effect was comparatively 
filight. The digestion of milk (other conditions being 
equal) was delayed by 10 per cent, of proof spirit from 
the normal of twelve minutes to eighteen minutes.' Even 
with twice this proportion of alcohol, digestion went on 
without any embarrassment, but the time of its comple- 
tion was prolonged from the normal of twelve minuteB 
to forty-five minutes. When we consider how rapidly 
alcohol is absorbed fi-om the stomach it is obviously almost 
impossible that the chyme in the duodenum should ever 

' For tha mothod of estimating the effect of pancTeatio eitraota on 
the digestion ol milk, I mas', refer the reader to the author's paper on 
this BUbjeot publiahed in the ProeeediugB of the Bay al Societf for IS81. 
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■ -contam anything like these proportions of alcohol, bo 
that we may consider that alcohol, as used dietetically, 
never interferes with tryptic digestion. 

Nor did I find that tea or coffee, even in the propor- 
tion of 50 or 60 per cent, of the digesting mixture, had 
any effect worthy of note. A slight retardation was 
observed, but not the slightest sign of embaiTassment. 

The reaults obtained with milk were controlled by 
experiments made with bread, with meat, and with fish- 
fibre — all of which yielded conformable results. 

It may therefore be concluded that with regard to 
pancreatic digestion the effects of food-accessories are 
practically nil. In no case did I find evidence of the 
possibility of that embarrassment and arrest which 
occurred in bo many instances in the case of salivary 
and peptic digestion, 

On the Clinical Relations of Gastric and Intestinal 
Digestion.— In forming a plan of dietary for the sick, 
distinction must be made between gastric and intestinal 
digestion. In healthy persons, and invalids of the 
sUghter sort, we must have regard mainly to gastric 
digestion; but in the seriously sick the stomach be- 
comes often inoperative, and digestion becomes almost 
exclusively intestinal. The sympathy of the etomaeh 
with the general condition of the system is much more 
active and close than that of the intestine ; the former 
organ approximates more nearly to the animal Kfe of the 
body, the latter more neai'ly to the vegetative life. The 
seriously sick, and especially the febrile sick, are often 
quite unable to take solid food. When the appetite and 
power of taking food fails, it fails first with regard 
to meat, which is, so to speak, the speciality of the 
stomach, and nest in regard to bread. Patients are then 
reduced to the use of liquid food^milk, Iieaten-up eggs, 
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gruels, jellies, beef-tea, and the like. In this latter eon- 
dition the stomach loses its normal office, and becomes 
merely a conduit to pass on the liquid food to the 
duodenum — a continuation, as it were, of the cesophagUB. 
Not perhaps that there is, except in extreme cases, an 
absolute abeyance of gastric secretion and gastric action, 
but they are reduced to so low an ebb that they count 
for practically nothing in the work of digestion. In this 
state of things, when patients are unable to take any 
solid food, it is quite wonderful to observe, in many 
oases, that persons who in health were unable to digest 
milk, or only to digest it with pain and diEGculty, are 
able during illness to take milk in any quantity. The 
reason of this is obvious. In a state of health milk must 
be dealt with in the stomach, and the casein is curdled into 
Bohd masses ; these masses have to be broken up and to 
be more or less dissolved in the gastric juice before they 
can traverse the pylorus. In the seriously sick, with an 
aJmost paralysed stomach, milk is not meddled with in 
that viacus. There is neither pepsin nor acid to curdle 
it, and it passes as a flowing liquid into the duodenum. 
Arrived there it encounters the secretion of the still 
active pancreas, and, as I have before remarked, milk is 
especially amenable to the action of the pancreatic juice. 
This, I believe, is the reason why in feeding the sick 
who are unable to take solid food our prime reliance is, 
and has always been, on milk. For milk is by far the 
most nutritive aa well as the most complete and perfect 
of all liquid foods— containing, as it does, about 4 per cent, 
of proteid matter, 6 per cent, of carbohydrates (sugar of 
milk), and 5 per cent, of a highly emulsionated fat. 
There is no article at all comparable with it in respect 
of its comprehensive nutritive value, and also in respect 
of its easy digestibility by the intestinal juices. Hence it 



FEEDING THE DUODENUM. 69 

takes precedence of all ai'ticles of food for the serioualj 
sick, who are unable to digest solid food. 

In feeding the sick our first consideration should be 
whether we are aiming at feeding the stomach or feeding 
the duodenum. In the former case, when the patient 
can teike soHd food — and this is the diagnostic indication 
that the stomach still posaesses digestive activity — our 
aim must be to administer meat, bread, eggs, Ac, in a 
state most favourable for peptic digestion. The meat 
fihould be well cooked — by preference boiled. It should 
be finely comminuted either by perfect mastication in 
the mouth, or (if this be impossible) by poundhig in a 
mortar or beating to a paste vdth a spoon, as in the 
preparation of potted meat. Beef-tea and soups should 
be used sparingly, as should likewise be tea, coffee, and 
alcoholic beverages. And of these last, the best adapted 
for weak stomachs are regulated quantities of ardent 
spirits or of the stronger wines or champagne. 

On the other hand, when we are aiming at feeding 
the duodenum our chief reliance, as I have said, must 
be on milk, which may be administered in a score of 
ways with tea, coffee, cocoa, spirits, soups, gruels, &c. 
Alternately with the various preparations of milk may 
be administered meat-teas, beaten-up eggs, cold-made 
meat infusions, and jellies. 
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LECTUEE V. 

OK THE ACID DYSPEPSIA OF HEALTHY PEH80NS. 



SoMMAlil ;— General description — Symptoms — The acid r 

Nature and Bource of the acid— Partioalar aymptomB— Paiii—Depres- 
aion — Aoid eruotations and heartburn — Flatulence— Gastrin cramp 
or paroKjamal pyrosis— Diagnosis o£ acid dyspepsia— Further in- 
cidents o( aoid dyspepsia — Treatment — Treatment by provoldng 



Gentlemen, — 

The dyspepsia of healthy people may he divided 
into the atonic form and the irritative or add form. In the 
former there la defect of digestive power — that la to eay, 
deficiency of gastric juice and deficiency of muscnlar 
action in the stomach. In the latter there is an undue 
secretion or an undue accumulation of acid in the 
stomach, especially towards the later stages of digestion. 
The former, or atonic dyspepsia, scarcely merits the 
name of dyspepsia ; it is rather an oligo-pepsia or 
apepsia ; it is a defect rather than a disorder of digestion, 
and is often painless. It generally constitutes a part 
of some general ailment or debility, and is met with in 
the auEemic and in persons of low vitaUty, with feeble 
appetite, and slender powers of taking food. 

Acid dyspepsia, on the other hand, is often seen in 
persons of strong constitution and good health, who 
work hard, are never laid up, and who live as long and 
are as good lives as their non-dyspeptic brethren. Thia 
form of dyspepsia is apt to trouble those who lead 
studious or sedentary hves ; but it is by no means un- 
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common among farmers and those who lead an open-air 
life, eapeeially if they belong to gouty famUiea. 

Acid dyspepsia is often, perhaps generally, associated 
with undue sensitiveness of the stomach (gastrodynia) ; 
hence there is frequently a certain commingling of 
symptoms— of symptoms due to mere hyperseatheaia and 
of Bymptoms due to disorder of the digestive process. 
Neurotic and hysterical individuals, both male and 
female, are very liable to gastric pains ; although their 
digestion may be normal, their ' neurotic centre,' if I may 
be allowed the expression, is in their epigastrium ; and 
their symptoms imitate those of true acid dyspepsia. 
In these cases of ' false dyspepsia,' as they may be 
termed, there is generally much complaint of flatulent 
distension, with noisy demonstrative eructation of gas, 
but without any real excess of acid in the stomach. 

The acid dyspepsia of healthy persons consists essen- 
tially in a tendency or predisposition of an enduring 
character, the tendency being towards a generation or 
accumulation of excess of acid in the later stages of 
gastric digestion. The tendency is more or less per- 
manent, and lasts with many persona from youth to age. 
It is rare in boyhood and girlhood, and tends to diminish 
in old Eige. It prevails at its maximum during the flush 
of manhood, and is distinctly more common among men 
than women. To a certain extent acid dyspepsia may 
be regarded as an ill-directed vigour of digestive action, 
as is well illustrated by the following incident. A 
habitual dyspeptic, who regularly suffered from painful 
excess of acid after each meal, on one occasion partook 
of an unusually heavy dinner, which proved too much 
for his digestive powers. After some hom's of discomfort 
the meal was expelled with violent vomiting. This attack 
was followed by marked prostration of the gastric powers. 
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During the ensuing forty-eight hours there waa a state 
of oUgopepBia, with diminished appetite, but each meal 
was digested with perfect comfort and Avithout the least 
excess of acid. At the end of two days the appetite and 
digestive vigour returned, and with their return came 
also the dolorous incidents of acid dyspepsia. 

With most dyspeptics their trouble is not altogether 
■continuous. They have their good periods and their bad 
periods. During their good periods they may for weeks 
or months go on digesting their meals with the same 
comfort as their more fortunate brethren. Then again 
for weeks or months their condition is one of almost 
incessant and severe suffering. It may even become 
serious, and lead to loss of appetite, inability to take a 
due quantity of food, and to consequent emaciation and 
loss of strength. But as a rule the dyspeptic, in spite 
of his torments, maintains his flesh and bodily vigom- 
unimpaired. 

Symptoms. — The subject of acid dyspepsia generally 
takes his food with appetite, sometimes even with 
voracity. Tlie early periods of digestion are also gene- 
rally easy and comfortable, but after a while there is 
felt a weight and acbuig at the pit of the stomach, which 
often increases to a severe pain. Then succeed a sense 
of fulness and tightness in the epigastrium, repeated 
and copious discharge of flatulence, with eructations of 
sour liquid into the mouth, and tendency to nausea or, 
more rarely, actual vomiting. These symptoms come on 
earlier after a light meal than after a heavy meal. After 
breakfast the symptoms often appear very speedily — in 
half an hour or an hour — whereas after dinner they are 
usually postponed for one, two, or three hours. In very 
sensitive dyspeptics a glass of sherry or a basin of soup 
will appear to ' turn sour ' in fifteen or twenty minutes. 
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There ia generally with dyspeptics of this class an im- 
pression that their digestion is abnormally slow. I doubt 
whether this is reaUy ao. I think that digestion in these 
cases is, often at least, hurried, and consequently im- 
perfect ; and that, after the main act of digestion ia over, 
there remains in the stomach a large residuum of an 
acid mucus, mixed with remnants of food, chiefly com- 
posed of fatty matter. This sour mass seems difficult 
to dispose of; it lingers long in the stomach, and gives a 
feeling of unpleasant fulness and distension, which does 
not really correspond with any actual excess in the bulk 
of the gastric contents. At length, however, this re- 
siduum is got rid of, and the stomach becomes empty 
and at rest ; the pain and discomfort wear off, and there 
is peace for the dyspeptic until after the nest meal ; then 
comes a repetition of the same events. 

Not unfi'eqnentiy the acid residuum is not entirely 
got rid of when the nest meal-time arrives, and hence 
Bour eructations may be experienced immediatdy on taking 
the new meal, confuaing the symptomatology. In this 
case the sour mucus, for a short space of time, floats on 
the surface of the new meal, and the eructations are con- 
sequently acid to the taate ; but presently it mingles with 
the meal, and the degree of acidity of the total gastric 
contents is thereby reduced (by dilution), and the eruc- 
tations cease to be sour. Hence it is that the ingestion 
of a meal sometimes relieves the dyspeptic for a while ; 
and this often happens with an accidental ' fit ' of acid 
dyspepsia in persons who are not habitually predisposed 
thereto. They are cured, much to their surprise, by 
taking a full meal — the fact being that the new meal 
gives the surplus acid work to do — and so ends the 
attack. 

The secondary, or sympathetic symptoms associated 
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with acid dyspepaia are aometimes very puzzling to the in- 
experienced, and apt to lead him astray in regard to their 
real nature. There are iiaina of a neuralgic characttr 
and abnormal Bensationa in various parts of the body 
— in the gums, in the head, in the bowels, or indeed 
anywhere — cold feet, flushings of the face, lassitude, 
abnormal sleepiness, palpitation of the heart, and so 
forth. 

The Add of Acid Dyspepsia : its Nature and Source. — 
Being myself subject to occasional periods of acid dys- 
pepsia, in typical form, I have had several opportunities 
of examining the sour residuum which accumulates in 
the stomach toward the later stages of digestion. When 
this is thrown on a filter a perfectly clear pellucid acid 
liquor comes through, not containing any trace of 
organisms. The degree of acidity was found to vary 
through a considerable range. The results of analysis 
on BLs several occasions gave the following degrees of 
acidity, expressed in terms of dry hydrochloric acid 
(HCl) :- 

0'16 per cent. HCI 0'30 por cent. HCl 

0'2G per oant. HCl 0-31 per cent. HCl' 

0-28 per cent. HCl 036 per oent. HCl 

These numbers indicate a considerable eseess in 
degree of acidity of the gastric contents.' Pure gastric 
juice (human) is estimated to have an acidity of 0'2 per 
cent. HCl, but this is considerably higher than the 
actual acidity of the contents of the stomach diuring 
normal digestion. According to the observations of 
Bichet on a young man with gastric fistula (made arti- 
' Heiohmann found in cases of acid dyspepsia still higher degreea o( 
Koidity tlitui those renoi'ded above ; namely, 0'31 per aent. and 0' 45 par 
oent. HCl. On the other hand, Dr. MoNaught fonnd lower degreel— 
Iftnging from 0*0!) per oent. to 0-3 per cent. KCl.- -MMical CtinnieU, 
vol. i. pp. 420 and 330. 
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ficially for the relief of impassable stricture of the 
tesophagus) the mean acidity of the gastric contents 
during the entire period of digestion was 0'17 per cent. 
HCl. But the variations were very great, and oscillated 
between 0'07 per cent. HCl on the one side and 0-3 
per cent. HCl on the other.' 

The nature of the acid in the som' residuum is not 
always the same. It seems to be a variable mixture of 
hydrochloric and diverse organic acids in varying propor- 
tions. The kind and proportion of the organic acids 
must depend mainly on the composition of the preceding 
meal. Lactic and butyric acids are probably the organic 
acids most commonly present. The latter is certainly 
often present, and can be recognised by its peculiar acrid 
smell and taste. The discrimination of the organic 
acids from hydrochloric acid, when both are present 
together in a solution containing proteid eompounda, is 
very difficult ; and the tests in vogue (shaking up with 
ether, trapfeolin, and methyl-violet) are by no means 
trustworthy. As this point is of interest and under 
inquiry, I may relate how I convinced myself that the 
acid of the sour residuum of acid dyspepsia was not (in 
the sample examined) unmixed hydrochloric acid. In 
the course of my inquiries I had occasion to investigate 
the effects of acids on diastasic action ; and I found that 
organic acids had considerably less inhibitory power on 
starch digestion than mineral acids of the same satu- 
rating equivalence. Now on comparing the inhibitory 
effect of pure dilute hydrochloric acid with that of the 
acid contained in the sour residuum it was found that 
for the same saturating equivalents hydrochloric acid 
had more than double the inhibitory power of the acid of 
the sour residuum. 

' Klehct, Dii Sue Gastriquc. Paria, 1878. 
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The source of the acid in acid dyspepsia has been 
much dehateil. I have long since come to the conclusion 
that it is exclusively derived from excessiTe secretion or 
accumiilation of gastric juice, and not from any fermen- 
tive process. The sort of windy turmoil which goes on 
in the stomach of the dyspeptic has led observers too 
hastily to the analogy of vinous fermentation. A more 
precise examination of the incidents of acid dyspepsia 
lenda no support to this view. 

Fermentive processes, whether toruloid or bacterial, 
cannot, I think, take place in the stomachs of healthy 
persons to an extent sufficient to have a practical bearing : 
they can only take place to this extent in cases of pyloric 
obstruction or of chronic dilatation, when the food is 
detained in the viscus for a very long time — for twenty- 
four, or forty-eight hours, or longer. 

Fermentive changes are altogether too slow to ac- 
count for the rapid development of acid and flatulence 
in cases of acid dyspepsia. The two following experi- 
ments show how very gradual is the development of acid 
in bacterial fermentation : — 

(«) Two ounces of the sour eructation from a typical 
case of acid dyspepsia were carefully neutrahsed with 
caustic soda, and then set aside in the warm chamber 
at blood-heat. After four hours only the feeblest acidity 
— amounting to 0-018 per cent, HCl— was developed. 
Sacteria were found under the microscope in scanty 
numbers, e^-idently only beginning to swarm. 

(h) Two fluid di-achms (7 c.c.) of the same sour 
eructation were mixed with twelve ounces (340 c.c.) of 
warm bread and milk. The whole mixture was now 
faintly acid=0-012 per cent. HCl. In two hom-s the 
acidity had not appreciably altered. In five hours the 
acidity had increased to 0*015 per cent. HCl, and at the 
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end of twenty-four hours (during the whole of which 
period the mixture had been maintained at blood-heat) 
the acidity had only risen to 0-035 per cent, HCl. In 
neither case was there any appreciable production of gas. 
The presence of organic acids in the acid residuiun is 
easily accounted for without calling in aid the agency of 
fermentation, Por, as has been explained in a previous 
leetnre, salts of the organic acids, present in the articles 
of food, are decomposed by the hydrochloric acid of the 
gastric juice — chlorides of the bases are formed, and the 
organic acids are set free. In this way the occurrence of 
lactic, butyric, tartaric, malic, and other organic acids in 
the sour residuum is easily and naturally accounted for. 

Particular SijmptomB.- — The most common and cha- 
racteristic symptoms of acid dyspepsia are pain, depres- 
sion, acid eructations and heartburn, Jlatvlerice, and gastric 
cramp or paroxysmal pyroms. To each of these symptoms 
I propose to devote a few words. 

Pain, — The dolorous sensations about the epigastrium, 
which often extend upwards to the lower sternal regions, 
are essentially due to the irritating action of the acrid 
and acid residuum on the mucous membrane of the 
stomach. This is the main and true explanation of the 
pain. But in the subjects of acid dyspepsia, especially 
during their bad periods, the stomach is unusually 
sensitive; and a reaiduiun which would not be felt during 
their better periods, nor in non-dyspeptics, causes acute 
sensations. The severity of the pains (apart from varying 
sensitiveness of the stomach) depends [a) on the degree of 
acidity ; the sourer the residuum is, the greater is the 
smarting caused by it ; Qi) on the proportion of butyric 
acid contained therein ; for butyric acid is much more 
acrid than so much lactic or hydrochloric aeid ; (c) on the 
quantity or volume of the residuum. If the quantity be 
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small — only one or two ounces — there may b'e no pain 
though the acidity be high ; on the other hand, if the 
residuum be large it may cause pain though its acidity 
be not excessive ; because the extent of mucous surface 
brought into contact with the irritating fluid affects the 
degree of sensation produced. Just as with the impres- 
sion of hot water on the skin, the dolorous sensation 
Taiies proportionately to the extent of surface exposed ; 
the finger can easily tolerate immersion in a degi'ee of heat 
which would be quite unbearable to the whole arm. 

During the bad periods the pain and aching at the 
-epigastrium linger after the stomach is empty, so that the 
discomfort is almost continuous. 

Depression. — There is often a pronounced sense of 
depression. In neurotic individuals this is spoken of in 
exaggerated language. It is described as a horrid torment ; 
they say that their life is made miserable, and not worth 
living. This constitutes what has been known of old 
as hypochondria. The pain and physical discomfort in 
the epigastrium appear to me quite sufficient to account 
for this depression, without invobhig the aid of any 
poisonous alkaloid, formed during the digestive process. 
There is a peculiar bitter principle, produced during both 
the gastric and pancreatic digestion of proteids; ' but this 
is a normal product, and there is not the least evidence 
that it possesses poisonous properties. 

Add Eructations and Hmrihum. — These are usually 
prominent symptoms of acid dyspepsia, but are not 
invariably present. There is a regurgitation into the 
mouth of soui- hqnici from the stomach with discharge 
of flatulence. The savour of the eructation may be 
simple sourness, like that of lactic or hydrochloric acids. 



' I oalled Bttention to the pioJuclion of this bitter prinoiple i 
Lnm'eian LeotoraE ' On the DigestiTe FermentB,' 2nd edit. p. G6, 
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■but often it has a burning, acrid quality — this occurs 
when butyric acid is contained in the reBiduuni. Butyric 
acid is volatile, and rises in acrid fumes, which affect the 
cardia and cesophageal orifice of the stomach and cause 
a persistent feeling of heat and horrificatiou, with a 
nauseating tendency. This constituteB true heartburn. 
The occurrence of heartburn with the presence of butyric 
acid requires no intervention of butyric fermentation to 
explain it. ITiJk, butter, cheese, and other fatty food, all 
contain more or less butyric acid, either free or in com- 
bination. The butyrates are decomposed (as previously 
explained) by the hydrochloric acid of the gastric juice, 
and butyi-ic acid is hberated in the free state. But how, 
therefore, it may be asked, is not heartburn a more con- 
stant incident of acid dyspepsia ? The reason probably 
is, that, to produce a sensible quantity of butyric acid the 
butyrates must be present in the meal in considerable 
amount, as in rancid butter and other rancid fats often 
used in cooking, and secondly that the acid in excess 
must be hydrochloric acid, and not merely lactic or other 
organic acid — otherwise the butyrates are not decomposed 
— and the proportion of mineral to organic acid in the 
sour residuum varies a good deal. 

Flatiilaice. — This is an invariable accompaniment of 
acid dyspepsia. The accumulation of gas in the stomach 
causes a sense of fulness and distension and an impor- 
tunate desire to get rid of the accumulation by upward dis- 
charge. This importunity is intensified by the hypersensi- 
tiveness of the stomach, which is impatient of an amount 
of gas which would not incommode it, nor require upward 
■discharge, but would be otherwise disposed of, perhaps 
through the pylorus, if the stomach were less sensitive. 
The occurrence of butyric acid also aggravates the 
gastric discomfort. The vapour of this acid, when it is 
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largely present in the residuum, mnat be always riaing 
into acrid fumes in the warm atmosphere of the stomach. 
But apart from hypersensitiveness of the organ, and apart 
from the vapour of butyric acid, there is undoubtedly 
an abnormal generation or accumulation of gas in the 
atomach in acid dyspepsia. "What is its source? The 
fermentation theory, as already explained, is wholly in- 
adequate to account for it, and we are driven to other 
modes of explanation. My impression is that the ac- 
cumulation of gas in acid dyspepsia may be traced to 
three sources, (a) Swallnwed air. There is a large 
amount of air entangled and swallowed during the de- 
glutition both of food and of saliva. The air engulfed 
with food is not larger in acid dyspepsia than in non- 
dyspeptics, but in regard to that swallowed with saliva 
there is a difference. During the existence of excess of 
acid in the stomach there is a certain amount of un- 
conscious salivation going on, and a larger amount of 
air is thereby carried down than in the normal state. 
(b) Liberation of carbonic acid in the stomach. The saliva 
secreted during the period of surplus acid in the stomach 
is much more albahne (from carbonate of soda) than 
when the contents of the stomach are neutral or only 
moderately acid. I have found this to be constantly the 
case ; sometimes the alkalescence of the saliva is so high 
as to occasion visible effervescence on the addition of an 
acid. When the stomach is empty and neutral the 
saliva then secreted barely turns the colour of Htmua 
paper, but when the organ contains excess of acid I 
have found the alkalescence of the saliva equal to 0*04 per 
cent. HCl. When this alkaline saKva, secreted in un- 
usual profusion, descends into the stomach, it encounters 
the acid restduom, and is neutralised thereby with Ubers- 
tion of a certain amount of carbonic acjd. I shall return 
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to this point when I come to the treatment of acid 
dyspepsia, (c) Regnrt^itatlon of carbonic acid frmn the 
duodenuvt. This is a thii'd probable source of gas in the 
dyspeptic. When the chyme passes through the pylorus 
it encounters the Becretions of the liver and pancreas, 
both of which are alkaline from carbonate of Boda. The 
collision must Kberate carbonic acid. We may regard it 
as probable that when the contents of the stomach are 
super-acid the biliary and pancreatic secretions are, aa in 
the case of the saliva, super-alkaline, and that conse- 
quently a larger disengagement of carbonic acid occurs 
in the duodenum under such conditions than in tranquil 
digestion. The gas thus generated would unduly distend 
the duodenum, and would probably push its way partly 
upwards through the pylorus into the stomach, and partly 
downwards into the jejunum. 

It has been suggested, as a jiartial som-ce of gas in 
acid dyspepsia, that cai'bonic acid is exhaled from the 
blood through the mucous membrane of the stomach (as 
in the process of respiration through the pulmonary 
membranes), but I do not see why this should occur in a 
larger degree in dyspeptics than in other healthy persons. 
I can, however, easily beheve that in regurgitant heart 
disease and in general emphysema, when there is severe 
venous stasia in the stomach, and a cyanotic state of the 
blood, such exhalation of carbonic acid through the 
gastric mucous membrane may take place, and that thia 
accounts for the distressing flatulent distension which is 
so common in these affections. But in acid dyspepsia 
the blood ia not surcharged with carbonic acid, and there 
is no venous stasis in the stomach. 

Gastric Cramp or Paroxysmal Pyroais.—lhe course of 
acid dyspepsia is sometimes diversified by the occurrence 
of a very peculiar and characteristic symptom, which, 
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though brief in duration, is very diatresBing, and even 
alarming to the uninitiated. This Bymptom consieta in 
a paroxysm, of which the chief featurea are sudden 
cramp of the stomach with sudden profuse salivation. 
The attack only lasts half a minute or a minute, hut to 
the sufferer the time appears long. I would suggest that 
the wordp,(/rofiishe confined to these essentially paroxysmal 
attacks. Writers on dyspepsia exhibit confusion in the 
use of the term pyrosis, and give it a mixed description, 
which includes partly these paroxysms and partly the 
ordinary symptoms of acid dyspepsia and heartburn. 
The gush of sahva into the mouth is often misunder- 
stood, and is described as a regurgitation from the 
stomach or from the lower part of the oesophagus. 

Paroxysmal pyrosis is essentially an abortive and 
incomplete act of vomiting. Complete vomiting consists 
of the following succession of events ; — Gastric spasm, 
profuse salivation, convulsive spasm of the abdominal 
muscles, sudden downward thrust of the diaphragm, 
closure of the glottis, opening of the cardia, and finally 
ejection of the contents of the stomach. The abortive 
act which constitutes a paroxysm of pyrosis falls short of 
the complete a«t in the downward thrust of the dia- 
phragm, also in the opening of the cardia ; moreover, the 
contraction of the abdominal muscles is either absent 
altogether or is cramp- like rather than convulsive ; the 
voice is reduced to a whisper, ut is not altogether sup- 
pressed, ao that the closure of the glottis is not absolute ; 
and there is no ejection of the contents of the stomach. 
Occasionally, however — but this is quite exceptional — the 
paroxysm does culminate in actual vomiting. The sense 
of nausea is imperfectly developed in these attacks. The 
gush of saUva is something tremendous — often greater 
than incessant swallowing efforts can dispose of — and the 
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BurpIuB flows out abundantly from the mouth. Some 
persons are not conscious of Bwallowing any of it, and 
believe that they let it all flow out at the mouth. A 
paroxysm of this kind only occurs during the presence 
of surplus acid in the stomach, and on its conclusion 
there is a sensible relief (for a time) to the previously 
existing epigastric pain and other symptoms of acid dys- 
pepsia. 

I have had several opportunities of examining the 
fluid that gushes into the mouth in paroxysmal pyrosis, 
both in my own case and in that of patients. It in- 
variably possesses the character of true saliva, difi'ering 
only in its unusual degree of alkalescence, I will give 
two examples. The first is from my own person. During 
a typical attack of gastric cramp I succeeded in collect- 
ing some of the fluid which flowed in an abundant stream 
into the mouth. Its alkalinity was equal to 0"125 per 
cent. HCl ; it efi'ervesced distinctly with acid. In dia- 
stasic power it was more active than average healthy 
saliva — in the proportion of 12 to 8. The second ex- 
ample was from a patient who was subject to recurrent 
and severe attacks of paroxysmal pyrosis. On close 
questioning this patient he insisted that the fluid which 
came into, and flowed out of, his mouth during the 
paroxysm came from the stomach. He was quite sure 
that it was not a rush of fluid into the mouth from the 
sides of the mouth itself. I requested him to send me 
on the next occasion some of the ejected fluid in a bottle. 
He did so. I found it, as I had expected, to possess all 
the properties of true saliva, with excess of alkali. Its 
alkalinity was equal to 0*15 per cent. HCl, which cor- 
responds very closely with the grade of acidity of the 
gastric contents during tranquil digestion. Its diastasic 
activity was fully equal to that of fresh normal saliva, 
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aB tested by standard starch mucilage in the manner 
described in my second lecture. 

I cannot therefore doubt that the gush of fluid in par- 
oxysmal pyrosis is purely and exclusively a gush of saliva. 

The relief which commonly follows a paroxysm is 
obyiously due to the largo quantity of alkali introduced 
into the stomach with the gulped saliva. 

The paroxysms of pyrosis occur quite irregularly — 
rarely more than once in one day, more generally once 
in two or three days, sometimes only once a weet, or 
once a month, or even once a year. Some dyspeptics 
never experience these paroxysms. They occur exclu- 
sively during the presence of excess of acid in the 
stomach, but they ai"e not infrequently provoked by an 
impression of cold, or a chill, 

Diagnosis of Add Dyspepsia. — The diagnosis of acid 
dyspepsia is in principle perfectly simple. If the dolorons 
sensations at the epigastrium are relieved by a dose of 
carbonate of soda, or any other alkali, the case is one of 
acid dyspepsia. Such a dose, as habitual dyspeptics 
know well, infaUibly gives relief. The relief may not 
be quite complete, but it is always marked and speedy. 
If no such relief is given the case is certainly not 
simply one of acid dyspepsia. In neurotic and hyste- 
rical individuals the diagnosis is not always so easy, 
because such persons give a confused, often discrepant, 
account of their sensations, and are bad subjects for this 
kind of crucial experiment. 

When the dyspeptic takes a dose of soda early after 
a meal the relief is only temporary, and does not serve 
until the nest post-cibal emergency ; but if he takes 
his dose late the relief lasts until after the next meal, 
and the subsequent eructations arc perceived to have 
lost their soui' and acrid taste. 
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Further IiicidentB of Acid Dyspepsia. — Slight meala are 
Bometimes more provocative of aciditythan full ones. A. 
meal taken at an unusual hour, or a full meal eaten at 
an hour when usually a light meal is taken, is also very 
apt to provoke acidity. Surplus acidity is provoked by 
anj-thing that renders the meal more difficult of diges- 
tion, such as imperfect mastication or hurried eating. 
As a rule, careful ' dieting ' is of no avaD, or only of 
partial avail, in acid dyspepsia. Constipation of the 
bowels distinctly intensifies the symptoms. Almost all 
habitual dyspeptics have their special Iffidantia and 
juvantia, and to none is the old proverb more appHeable 
that 'one man's meat is another man's poison.' Some 
cannot take sugar, others can take it fi'eely ; the same 
with eggs, with soup, mth various wines and beer, with 
tea, coffee, some kinds of meat, with potatoes, and so 
forth. Fatty matters disagree very generally. The dys- 
peptic stomach is peculiarly capricious and peremptory, 
and, as a rule, there is very httle use in arguing with it 
in regard to its likings and dislikinga. 

The appetite is usually good ; dyspeptics often enjoy 
theii- meals and ' could eat more' were it not for fear of 
the consequences. Sometimes the appetite is voracious ; 
sometimes, on the contrary, the appetite is weak or capri- 
cious. 

Treatment. — The treatment of cases of habitual acid 
dyspepsia divides itself into— (a) means which ai-e directed 
to obtain relief from present discomfort ; and (h) means 
which aim at curing the disorder, or at least at shortening 
the bad periods. The bias or tendency is, as I have before 
remEirked.more or less enduring; but if you can cut short 
the bad periods, this is nearly as good as complete cure, 
because the ailment can thereby be controlled and, prac- 
tically, minified. For immediate relief there is nothing 
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better than a doBe of carbonate of soda ; 5 to 10 grains of 
Bodft bicarbonate dissolved in water almost at once allay 
the Buffering, by satnrating the gastric acid, A copious 
npward discharge of carbonic acid follows such a doae. 
Other alkalies answer the purpose equally well — magnesia, 
chalk, or carbonate of potash. Many dyspeptics have 
learnt this secret, and carry with them a supply of little 
compressed tablets of bicarbonate of soda, which they 
use after their meals. An equally good resource is 
supplied by the bicarbonate of soda lozenge, or the bis- 
muth lozenge, of the British Pharmaeopceia. The 
former contains 5 grains of soda in esLch lozenge ; and 
the latter contains, besides the bismuth, to which it 
owes its name, 6 grains of the mixed carbonates of lime 
and magnesia. 

The use of alkahes, however, is scarcely at all curative 
in cases of habitual dyspepsia. For an accidental ' fit ' 
of dyspepsia a few doses of an alkali, or even a single dose, 
may suffice ; but alkalies do not appreciably cut short 
the bad periods of habitual dyspepsia. The symptoms 
return with unabated severity after the next meal, and 
BO the dyspeptic contracts the habit of taking regularly 
a dose of alkali after his meals, and this may go on for 
ma.ny years. Is there any harm in this practice ? I am 
not quite sure ; it is certainly a highly unnatural habit : 
the urine is thereby rendered abnormally alkaline, and 
this signifies that there is, for a time, an abnormal tilka- 
lescence of the blood. I have sometimes suspected that 
this might lead to mineral degeneration of the arteries. 
This, however, may be only a fancy of mine ; it was 
put into my head by the observation of prematurely 
occurring apoplexy ui two apparently healthy persona 
who, I knew, had been in the habit for many yeara of 
taking soda regularly after their meals for the relief 
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of acid dyspepsia. At any rate, it seemed very desirable 
to find some more curative method of managing acid 
dyspepsia than by exhibiting endlessly recurrent doses 
of alkalies. 

Treatment by provoking Salivation. — Having found 
that during the prevalence of surplus acid in the stomach 
there coincided an increased flow of saliva, and that 
this saliva possessed an unusual degree of alkalescence, 
I -was led to the idea that the saliva was the natural 
antacid of the stomach. On several occasions I was able 
to measure synchronously the alkalinity of the saliva 
and the acidity of the stomach ; and I found that the 
proportion between them was such that six to eight 
volumes of the saliva would saturate one volume of the 
gaatrie acid. There does not, at first sight,' appear to be 
much prospect of relief from this small proportion of 
salivary alkali. Nevertheless, when it is considered that 
complete saturation of the gastric aoid is by no means 
necessary to procure reUef, and that all that is required 
is that the acidity should bo so reduced as to bring it 
within the limits of the normal acidity in tranquil diges- 
tion, the prospect looks much more promising. If the 
acidity in the stomach could be reduced one-fourth or 
one-third, these normal limits would be usually at- 
tained. And I think it highly probable that, in the 
usubJ course of events in acid dyspepsia, the descend- 
ing stream of alkaline saliva does fulfil an important 
purpose. When the stomach contains an excessive quan- 
tity of sour residuum we may suppose that the pylorus 
is closed against its passage into the duodenum. This 
may be regarded in the light of a conservative act, and 
designed to prevent disturbance of the alkaline digestion 
in the duodenum by an overwhelming influx of acid from 
the stomach. But by the steady, continuous downward 
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flow of allcaline saliva the excessive acidity in the stomach 
is gradually leBsened, and at length brought down to the 
normal grade, and then the refractory pyloi'us opens, and 
the stomach is relieved. 

This train of ideas led me further to the notion that 
if the flow of this alkaline saliva could be increased, 
effective relief might thereby be given in acid dyspepsia, 
and that by acting in this way we should be operating 
more closely after nature's indications than by giving 
alkalies of extraneous source. "We should be making the 
blood itself the source of the alkali, Lustead of taking it 
from the shop. And on trial I found the results confor- 
mable with the theory. Anything that increased the 
flow of saliva was found to abate the pangs of acid dys- 
pepsia. Lozenges of all aorta promote a flow of saliva, 
but especially lozengea which contain a stimulating in- 
gredient like ginger or cayenne. A very sensible relief is 
given to the dyspeptic by the use of these lozengea ; and 
this is probably the secret of the habit of aome country 
dames, who carry in their capacious pockets a root of 
ginger, to which they apply when the stomach aches. 
A step further led me to the use of simple gum-lozenges. 
The Bucking or chewing of any kind of lozenge wiU pro- 
mote aahvation ; the tm-ning round with the tongue and 
the mastication of the little morsel, acts the sahvary 
glands to work. Lumpy ' tears ' of gum arable, auch as 
may he picked out from the druggist's stock, do not make 
bad lozengea for this purpose. The ' glycerine jujubes ' 
of the shops likewise conaiat of nearly pure gum, and 
those are somewhat more palatable than the gum tears, 
and answer equally well, or better, as provokers of 
salivation. The sugar contained in them ia, however, 
objectionable to some stomachs. I think a lozenge com- 
posed of gum, with the addition of a httle pyrethrum, 
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might be a valuable addition to the resourceB of the 
dyspeptic. 

By the use of lozenges, and especially of gum 
lozenges, I have obtained in the treatment of acid dys- 
pepsia distinctly more curative results than by the use of 
alkalies. The advent of the bland gummy solution into 
the stomach probably acts topically as a soothing ap- 
phcation to the irritated raucous membrane, allays its 
abnormal sensitiveness, and thereby disposes it to a 
more normal perfonnance of its functions in dealing 
with the succeeding meal. If the surplus acid is great, 
and the torment severe, a doae of alltali must be 
administered ; but the milder means here suggested will 
give adequate rehef in most instances, and will greatly 
promote the abbreviation of the bad periotl. 

"With regard to the regulation of the diet of the 
dyspeptic, the removal of habitual constipatioQ, the due 
mastication of the food, the avoidance of hurried eating, 
the use of exercise in the open air, and the adoption of 
other hygienic precautions, I have nothing to add to 
the rules laid down on these matters in your manuals 
and in special treatises on dyspepsia. 
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